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(54) SEMICONDUCTOR DEVICE AND CLOCK SIGNAL SUPPLIER 

(57)Abstract: 

PURPOSE: To provide an optical wiring technique 
suitable for a flip chip mounting method, relating to a 
semiconductor device equipped with a semiconductor 
chip and a wiring substrate. 

CONSTITUTION: Relating to a semiconductor device 
wherein a semiconductor chip 1 and a wiring substrate 2 
are flip-flop connected together, an optical wave guide 
wiring 5 is provided in a space within an electrode body \\ 
4. By this, the electric wiring of the wiring substrate and | 
assignment of the optical wave guide wiring do not 
constrain with each other, so these are used properly 
according to applications, further, can be utilized for 
optical clock signal supply. 
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CLAIMS 



(Claim(s)] 

(Claim 1] The semiconductor device which equips with optical waveguide the tooth space 
between two or more electrode objects arranged by two dimensions for connecting said wiring 
substrate with said semiconductor chip in the semiconductor device which carried out flip chip 
bonding of the semiconductor chip to the wiring substrate, and said two or more electrode 
objects. 

[Claim 2] They are said semiconductor chip and said semiconductor device according to claim 1 
by which wiring substrate flip chip bonding is carried out by said two or more electrode objects 
put on the inside of the through tube prepared in the direction perpendicular to the principal 
plane of said optical waveguide. 

(Claim 3] Said semiconductor chip is a semiconductor device according to claim 1 which has the 
signal wiring connected to said optical waveguide, and has the signal wiring and power—source 
wiring which are connected to said wiring substrate. 

(Claim 4] The semiconductor device according to claim 1 which distributes a clock signal by 
semiconductor chip optical waveguide equipped with a photo detector and a clock receiving 
circuit. 

(Claim 5) The semiconductor device according to claim 1 which carries out the bus connection 
of the semiconductor chip equipped with luminescence / photo detector, and 
hxninescence/light-recerving circuit by optical waveguide. 

{Claim 6) Said electrode object is a semiconductor device according to claim 1 which is a metal 
bump. 

(Claim 7] Optical INTAKONEKUSHON by which said wiring substrate leads a clock signal to the 
reception aforementioned optical waveguide. It has electric INTAKONEKUSHON which gives the 
electric reference signal by which dividing was carried out from said clock signal to one of the 
electrode objects of the reception aforementioned plurality. Said semiconductor chip Electric 
INTAKONEKUSHON which transmits this electrical signal by which dividing generation was 
carried out to a predetermined distribution place. At least that of the clock signal outputted from 
said optical INTAKONEKUSHON based on the reference signal transmitted in this electric 
INTAKONEKUSHON adjusts progress or delay of a phase, and arranges a phase. The 
semiconductor device according to claim 1 constituted by having a phase adjustment means to 
output the clock signal which has a predetermined frequency and a predetermined phase to a 
low-ranking distribution place. 

{Claim 8) Said optical INTAKONEKUSHON is a semiconductor device according to claim 7 which 
equips said optical receiving means with an optical transmission means to supply said optical 
clock signal, from an optical transmitting means to change into an optical clock signal the 
electric clock signal outputted from the clock generator, an optical receiving means to change 
said optical clock signal into an electric clock signal, and said optical transmitting means. 
(Claim 9) The semiconductor device according to claim 7 which has a reference signal 
generation means to carry out dividing of the clock signal which has said first frequency, and to 
generate the reference signal below the frequency bandwidth of said electric 
INTAKONEKUSHON. 
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optical INTAKONEKUSHON. adjust progress or delay of a phase, and a phase is arranged. The 
clock signal feeder constituted by having a phase adjustment means to output the clock signal 
which has a predetermined frequency and a predetermined phase to a low-ranking distribution 
place. 

[Claim 27] Said optical INTAKONEKUSHON is a clock signal feeder according to claim 26 which 
equips said optical receiving means with an optical transmission means to offer said optical clock 
signal, from an optical transmitting means to change into an optical clock signal the electric 
clock signal outputted from said clock generator, an optical receiving means to change said 
optical clock signal into an electric clock signal, and said optical transmitting means. 
[Claim 28) Said optical transmitting means is a clock signal feeder [ equipped with the laser 
diode driving means which has the laser diode which oscillates said optical clock signal, and the 
function to change said electric clock signal into the drive current of this laser diode 3 according 
to claim 27. 

[Claim 29) Said optical transmission means has the optical waveguide prepared on a wiring 
substrate, and said optical receiving means and said phase adjustment means are established on 
the half-** chip. Said electric INTAKONEKUSHON It has a two or more bumps means to 
connect said wiring substrate and said semiconductor chip electrically and mechanically. Said 
optical waveguide between said wiring substrates and said semiconductor chips The clock signal 
feeder according to claim 27 which intervenes between said optical transmitting means end an 
optical receiving means so that it may set and an optical clock signal may be supplied to said 
semiconductor chip from said clock generator by the tooth space between said two or more 
bumps means. 

[Claim 30] Said optical transmitting means is a clock signal feeder according to claim 27 
characterized by having an optical amplification means to amplify said optical clock signal. 
[Claim 31] Said optical amplification means is a clock signal feeder according to claim 30 which 
are either the rare-earth-elements dope optical fiber amplifier by optical pumping, and a semi- 
conductor optical amplifier by current excitation. 

[Claim 32] Said optical transmitting means is a clock signal feeder [ equipped with the optical 
output control means which has the function to hold the signal amplitude of an optical clock 
signal to constant value ] according to claim 27. 

{Claim 33] Said reference signal generation means is a clock signal feeder according to claim 26 
which carries out dividing of the clock signal which has said first frequency, and generates the 
reference signal below the frequency bandwidth of said electric INTAKONEKUSHON. 
[Claim 34] It is the clock signal feeder according to claim 29 which said optical receiving means 
and said phase adjustment means aro arranged at each semi-conductor module, and supplies the 
clock signal which said optica! receiving means detects the optical clock signal which branched 
through said optical branching means, and has a predetermined frequency and a predetermined 
phase to each semi-conductor module. 

[Claim 35] The optical receiving means and phase adjustment means in this feeder are the clock 
signal feeder according to claim 34 prepared on the same substrate as the semi-conductor 
substrate which constitutes a processor. 



(Translation done.) 



[Claim 10] Said optical transmitting means is tho laser diode which oscillates said optical dock 
signal, and a semiconductor device [ equipped with the laser diode driving means which has the 
function to change said electric clock signal into the drive current of this laser diode ) according 
to claim 8. 

[Claim 1 1) Said optical transmituhg means is a semiconductor device according to claim 8 
characterized by having an optical amplification means to amplify said optical clock signal. 
(Claim 12] Said optical amplification means is a semiconductor device according to da an 11 
which are either the rare— earth-elements dope optical fiber amplifier by optical pumping, and a 
semi-conductor optical amplifier by current excitation. 

{Claim 13] Said optical transmitting means is a semiconductor device ( equipped with the optical 
output control means which has the function to hold the signal amplitude of an optical clock 
signal to constant value 3 according to claim 8. 

[Claim 14] Said optical output control means is a semiconductor device according to claim 13 
which is an auto power control circuit. 

[Claim 15] Said optical receiving means is a semiconductor device [ equipped with the 
photodetector driving means which has the function to change into said electric dock signal the 
photocurrent signal which flows said optical clock signal to a ****** photodetector and this 
photodetector ] according to claim 8. 

[Claim 16] Said photodetector is a semiconductor device according to claim 15 which is a 
photodiode. 

[Claim 17] Said optical receiving means is a semiconductor device [ equipped with the band pass 
means which carries out the body to the frequency of said electric dock signal ) according to 
claim 8. 

[Claim 18] Said band pass means is a semiconductor device according to claim 17 which is a 
band pass filter circuit. 

[Claim 19] Said optical transmission means is a semiconductor device according to claim 8 which 
has either an optical flber and optical waveguide. 

[Claim 20] Said optical transmission means is a lens, a mirror, a hologram, and a semiconductor 

device according to claim 8 that has at least one of prism and is constituted. 

[Claim 21] Said optical transmission means is a semiconductor device [ equipped with an optical 

branching means to branch the transmitted optical clock signal ] according to claim 8. 

[Claim 22] Said optical branching means is an optical fiber mdd star coupler, an optical 

waveguide mold star coupler, and a semiconductor device according to claim 21 that has at least 

one of beam splitters. 

[Claim 23] Said optical transmission means is a semiconductor device { equipped with at least 
one of an optical-path conversion means, an optical focusing means, and optical isolation 
means ] according to claim 8. 

[Claim 24) It is the semiconductor device according to claim 23 which said optical isolation 
means has at least one of a partition, covering, and masks, and is further constituted by said 
optical-path conversion means having at least one of a mirror, prism, and gratings, and being 
constituted, and said optical focusing means' having at least one of a lens and gratings, and 
constituting it 

[Claim 25] The optical clock signal irradiated by said optical receiving means with said optical 
transmitting means and an optical wring meuns is a semiconductor device according to claim 8 
which is beyond the minimum receiving optical output in the frequency of this optical clock 
signal. 

(Claim 26] The dock generator which generates the clock signal which has a cert on frequency, 
and optical INTAKONEKUSHON which changes said clock signal into a lightwave signal, transmits 
to two or more predetermined distribution places, and is changed into an electrical signal at a 
transmission edge. A reference signal generation means to carry out dividing of the clock signal 
generated from said clock generator, and to generate an electrical signal. Electric 
INTAKONEKUSHON which transmits this electrical signal by which dividing generation was 
carried out to said two or more distribution places. At least based on the reference signal 
transmitted in this electric INTAKONEKUSHON of the electrical signal outputted from said 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the clock signal feeder in ultra high-speed 
processors, such as a large-sized computer, especially about the optical INTAKONEKUSHON 
technics in a semiconductor device equipped with a semiconductor chip and a wiring substrate. 
[0002] 

[Description of the Prior Art] A semiconductor device follows on large-scale-izing. and the high 
density assembly of a semiconductor chip and the increment in the input/output terminal suck 
are searched for. En order to fill this demand, a flip chip mounting method like a publication is 
used for JP.61-17738.A which used the U.S. application serial number No. 695.597 as the base. 
By this mounting method, a semiconductor chip is connected with a wiring substrate HEBAMPU 
electrode. An electrode can be prepared in the whole semiconductor chip front face, and many- 
items child connection is possible. 

[00033 Moreover, the actuation in a semiconductor device follows on accelerating, and the 
propagation-delay time and the cross talk of electric wiring of a wiring substrate have been a 
problem. They are proceedings in order to solve this. OBU THE IEEE. The 72nd volume. No. 77. 
the 850th page to the 866th page. 1 984 (866 72 vol. no. Proceedings of The IEEE. 7. pp.850- 
1984). Proceedings OBU The 836th volume of S Py eye I OPUTO electro nick MATERIARUZU. 
0EBAISE2U and packaging and — The 350th page from INTAKONE shoes and the 343rd page 
1987 (350 Proceedings of SPE vol. 836. Optoelectronic Materials, Devices. Packaging and 
Interconnects, pp.343- 1987). proceedings OBU The 991st volume of S Py eye I. and fiber Optic 
data com — and — Computer networks — The 4th page to the 1 1th page. 1988 (1 1 Proceedings 
ofSPE vol. 991. Fiber Optic Datacom and Computer Networks pp.4- 1988). An optical 
INTAKONEKUSHON technique like a publication is known by USP4. 762.382. With these optical 
INTAKONEKUSHON techniques, between semiconductor chips is connected with optical 
waveguide wiring Since there is no cross talk by an increment and induction of the time 
constant by the capacity and resistance like electric wiring in optical waveguide wiring, it is said 
that a high speed and broadband wiring are possible. 
[0004] 

[Problem(s) to be Solved by the Invention] Many input/output terminals for power—source wiring 
besides signal wiring clock wiring, etc. are indispensable to a semiconductor chip. Although 
optical waveguide wiring has the advantage that they are a high speed and a broadband 
compared with electric wiring as mentioned above, the size cannot be made detailed below to 
wavelength order. Moreover, if delay by photo-electric-conversion time amount is taken into 
consideration, if optical waveguide wiring is not beyond a certain wiring distance, it will not 
become advantageous from electric wiring. Therefore, it is disadvantageous to transpose all the 
electric wiring of a wiring substrate to optical waveguide wiring, and after securing the number of 
electric input/ output terminals of a certain extent it is necessary to perform optical waveguide 
wiring. In order to reconcile electric wiring and optical waveguide wiring it is promising to apply 
an optical INTAKONEKUSHON technique to the flip chip mounting method in which a many- 
items child's electrical connection is possible. 
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[0017] For example, when it applies to Japanese electronics, the December 10. 1990 issue, and 
the large-sized computer mounted by high density given in the 241st page from the 226th page, 
it is most difficult to adjust the optical path length according to an individual with a help in a 
narrow mounting tooth space. 

[00183 Moreover, by this method, the skew by the photo detector cannot still be reduced. 
[0019] The purpose of this invention is to offer the optical wiring technique which is compatible 
with the electric wiring in a flip chip mounting method. It is accompanied by the consideration to 
the joint approach of suitable arrangement and a suitable role assignment of electric wiring and 
optical waveguide wiring, optical waveguide wiring, and the optical component section, the wiring 
formation approach, etc. in that case. 

[0020] Another purpose of this invention is offering the signal feeder which arrangement of 
electric wiring and optical waveguide wiring is not restrained mutually, can use electric wiring and 
optical waveguide wiring properly according to an application, and has the high degree of freedom 
of a wiring design. 

[0021] Another purpose of this invention is to offer the clock signal feeder which can be 

distributed, without generating a ultra high-speed clock signal for a phase shift etc. 

[0022] Another purpose of this invention is that frequency bandwidth exceeds 1GHz with a very 

large optical transmission means, and offers the signal feeder which can supply a clock signal 

without a phase shift with a phase reference signal compared with an electrical connection 

means. 

[0023] 

[Means for Solving the Problem] This invention equips with optical waveguide wiring the tooth 
space between the electrode objects which connect a wiring substrate with a semiconductor 
chip in order to apply an optical wiring technique to the semiconductor device which carried out 
flip chip bonding of the semiconductor chip to the wiring substrate. Or a wiring substrate is 
connected with a semiconductor chip with the electrode object which goes via a through tube 
perpendicular to the principal plane of optical waveguide wiring 

[0024] Since according to the above-mentioned structure optical waveguide wiring was 
performed using the tooth space between electrode objects and the electric wiring layer and the 
optical wiring layer of each other are separated, arrangement of the electric wiring of a wiring 
substrate is not restrained by optical waveguide wiring. Interference does not take place like [ in 
case electric wiring and optical waveguide wiring are intermingled in the same flat surface ]. 
Many input/output terminals can be taken out from a semiconductor chip with the electrode 
object which penetrates an optical waveguide wiring layer, and electric wiring and optical 
waveguide wiring can be property used according to an application. 

[0025] Since the above-mentioned technical problem is solved, following equipment can be 
considered as an optical clock signal feeder. 

[0026] The clock generator which generates the clock signal which has a certain frequency, and 
optical INTAKONEKUSHON which changes said clock signal into a lightwave signal, transmits to 
two or more predetermined distribution places, and is changed into an electrical signal at a 
transmission edge. A reference signal generation means to carry out dividing of the clock signal 
generated from said clot oscillator, and to generate an electrical signal. Electric 
INTAKONEKUSHON which transmits this electrical signal by which dividing generation was 
carried out to said two or more predetermined distribution place. Based on the reference signal 
transmitted to the electrical signal outputted from said optical INTAKONEKUSHON with this 
electrical connection means, at least that adjusts progress or delay of a phase and arranges a 
phase. It is the clock signal feeder constituted by having a phase adjustment means to output 
the clock signal which has a predetermined frequency and a predetermined phase to a low- 
ranking distribution place. 

[0027] Moreover, in the above-mentioned clock signal feeder, a clock signal feeder equipped with 
an optical transmission means to supply said optical clock signal to said optical receiving means 
is also considered from an optical transmitting means to change into an optical clock signal the 
electric clock signal with which said optical INTAKONEKUSHON was outputted from said clock 
generator, an optical receiving means to change said optical clock signal into an electric clock 



[0005] In order to perform optical waveguide wiring in a flip chip mounting method, two kinds of 
methods of wiring from the side front or background of a semiconductor chip can be considered 
However, in the semiconductor chip integrated highly, since calorific value is large, a radiation fin 
and a cooling channel are usually prepared in a chip background. Therefore, by the flip chip 
mounting method, optical waveguide wiring must be performed to a chip side from. i.e.. wiring 
substrate, side. 

[0006] The formation approach of the electric wiring to a wiring substrate and optical waveguide 
wiring is not concretely described by the conventional optical INTAKONEKUSHON technique 
mentioned above. For example, when both electric wiring and optical waveguide wiring are made 
intermingled in the same flat surface of a wiring substrate, the metal which accomplishes electric 
wiring does not penetrate light, but when the dielectric which accomplishes optical waveguide 
wiring does not conduct the electrical and electric equipment, if electric wiring is prepared on 
optical waveguide wiring optical loss, a change on the strength [ optical ]. etc. will take place. 
Therefore, there was a problem that arrangement of electric wiring and optical waveguide wiring 
received constraint mutually. 

[0007] By the way. the thing of a publication is known by USP 5. 184. and 027 and USP5.043.596 
about the clock signal feeder. In order that conventional equipment may reduce the skew of a 
clock signal and may automate a phase adjustment activity, it has a phase adjustment means at 
the distribution place of a clock signal, respectively, and is constituted. The clock signal and the 
phase reference signal which has a period longer than this are supplied with electrical connection 
means, such as a cable and a wiring substrate, to this phase adjustment means. 
[0008] rf such improvement in the speed to which it becomes indispensable requirements aiming 
at compaction of machine cycle time amount, i.e.. improvement in the speed of a clock signal, 
progresses in order to high-performance-ize actuation of a processor generally, the machine 
cycle time amount which will be 7 - 9ns at the first half of the 1990s will be set to 1 or less ns 
after the "2000s, and it will be expected that a clock signal with a frequency of 1GHz or more is 
needed. 

[0009] However, in the conventional clock signal feeder, it was not designed in consideration of 
such a ultra high-speed clock signal. 

[0010] A frequency band will be restricted with electrical connection means, such as a cable and 
a wiring substrate, by the effect of attenuation of the signal amplitude by the reactance, 
reflection by the impedance mismatch, a cross talk. etc. 

[001 1] Therefore, when the m [ several ] electric wiring length and the diameter of wiring several 
mm or less in a processor were taken into consideration with conventional equipment, it was 
very difficult to distribute a clock signal with a frequency of 1GHz or more. 
[0012] As a method which distributes a clock signal with the conventional optical 
INTAKONEKUSHON technique, the distribution place of a clock signal is equipped with a photo 
detector, and the configuration which distributes the optical clock signal by which outgoing 
radiation was carried out from the light source with optical transmission means, such as an 
optical fiber, optical waveguide, a lens, and a hologram, is known, for example. 
[0013] the frequency band of an optical transmission means is possible for it being markedly 
alike compared with electric INTAKONEKUSHON. and supplying an optical clock signal with a 
frequency of 1GHz or more to a distribution place, since it is large. However, consideration to 
generating of the optica r-path-length difference according [ the optical clock distributing system 
proposed from the former ] to refractive-index distribution of an optical transmission means, 
aberration, an optical-axis gap. etc. and the skew according to the sensibility of a photo detector 
and the variation of a response characteristic further was not carried out- 
[0014] That is. the frequency of a clock signal will be restricted by the skew with the 
conventional method. 

[0015] The skew by the optical-path-length difference can be reduced among the above- 
mentioned skews by using the adjustable type optical delay line of a publication for JP 3- 
2891 2 A. 

[0016] However, since this method changes spacing of two lenses mechanically manually, it has 
the problem to which an activity becomes very complicated. 
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signal, and said optical transmitting means. 

[0028] Moreover, in a clock signal feeder, the clock signal feeder which carries out dividing of the 
clock signal which has said first frequency, and generates the reference signal below the 
frequency bandwidth of said electric INTAKONEKUSHON is sufficient as said reference signal 
generation means. 

[00293 Moreover, a clock signal feeder equipped with the laser diode driving means which has the 
laser diode which oscillates said optical clock signal, and the function to change said electric 
clock signal into the drive current of this laser diode is sufficient as the above-mentioned optical 
transmitting means. 

[0O303 Furthermore, a clock signal feeder equipped with an optical amplification means by which 
the above-mentioned optical transmitting means amplifies said optical clock signal is also 
considered. 

[0031] As said optical amplification means, the rare-earth-elements dope optical fiber amplifier 
by optical pumping, the semi-conductor optical amplifier by current excitation, etc. can be 
considered. 

[0032] Moreover, a clock signal feeder equipped with the optical output control means which has 
the function to hold the signal amplitude of an optical clock signal to constant value is sufficient 
as the above-mentioned optical transmitting means. 

[0033] An auto power control circuit can be considered as an optical output control moans. 
[0034] Moreover, a clock signal feeder equipped with the photodetector driving means which has 
the function to change into said electric clock signal the photocurrent signal with which the 
above-mentioned optical receiving means flows said optical clock signal to a 
photodetector and this photodetector is also considered. Said photodetector can consider the 
configuration which is a photodiode. 

[0035] Moreover, a clock signal feeder equipped with the band pass means against the frequency 
of said electric clock signal is sufficient as the above-mentioned optical receiving means. 
[00363 Said band pass means can consider the configuration which is a band pass filter circuit 
[0037] Furthermore, the clock signal feeder constituted by having either an optical fiber and 
optical waveguide at least is sufficient as the above-mentioned optical transmission aberration 
means. 

[0038] Moreover, the above-mentioned optical transmission means having at least one of a lens, 
a mirror, a hologram, and prism, and being constituted is also considered. 

[0039] Moreover, a clock signal feeder equipped with an optical branching means to branch the 
optical clock signal with which the above-mentioned optical transmission means was transmitted 
is also considered. 

[0040] Moreover, said optical branching means having at least one of an optical fiber mold star 
coupler, an optical waveguide mold star coupler, and beam splitters, and being constituted is also 
considered. 

[0041] Moreover, the clock signal feeder which the above-mentioned optical transmission means 
equips with at least one of an optical-path conversion means, an optical focusing means, and 
optical isolation means is also considered. 

[0042] In this case, said optical-path conversion means has at least one of a mirror, prism, and 
gratings, and is constituted, and said optical focusing means has at least one of a lens and 
gratings, and is constituted, and the means constituted by said optical isolation means having at 
least one of a partition, covering and masks is also considered further. 
[0043] Moreover, the clock signal feeder characterized by the optical clock signal by which 
incidence is carried out to the above-mentioned optical receiving means being beyond the 
minimum receiving optical output in the frequency of this optical clock signal is also considered 
by the above-mentioned optical transmitting means and the optical transmission means. 
[0044] Moreover, a means to indicate below can be considered as a processor adapting this 
equipment. In the processor constituted by having the semi-conductor module constituted by 
having at least two or more semiconductor devices, and having the wiring substrate with which 
electrical connection of each semiconductor device of each other is carried out at least two or 
more The above-mentioned clock signal feeder is prepared. Said optical receiving means and 
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said phase adjustment means It is the processor which supplies the clock signal which it is 
arranged at each semi-conductor module, and said optical receiving means detects the optical 
clock signal which branched through said optical branching means, and has a predetermined 
frequency and a predetermined phase to each semi-conductor module. 
(0045) Moreover, the semi-conductor module constituted by having at least two or more 
semiconductor devices, and having the wiring substrate with which electrical connection of each 
semiconductor device of each other is carried out is set to the processor constituted by having 
at least two or more. The above-mentioned dock signal feeder is prepared. Said optical receiving 
means and said phase adjustment means It is arranged at each semiconductor chip, and said 
optical receiving means detects the optical clock signal which branched through said optical 
branching means, and the processor which supplies the clock signal which has a predetermined 
frequency and a predetermined phase to each semiconductor chip is also considered. 
[0046] Furthermore, it is the processor equipped with the clock signal feeder, and the processor 
which established the optical receiving means and phase adjustment means in this feeder on the 
same substrate as the semi-conductor substrate which constitutes a processor is also 
considered. 

[0047] Moreover, in the above-mentioned processor, said optical receiving means is formed in 
the semiconductor device which consists of silicon, and the processor whose wavelength of said 
optical clock signal is 1 micrometer or less is also considered. 

[0048] Furthermore, in the above-mentioned processor, said optical receiving means which 
consists of a compound semiconductor is established on the semiconductor device which 
consists of silicon, and the processor whose wavelength of said optical clock signal is 1 
micrometers or more is also considered. 
[0049] 

[Function] First, the electric clock signal made to output from a clock generator is changed into 
an optical clock signal by the optical transmitting moans. 

[0050] Through the sufficiently big optical transmission means (the optical waveguide in an 
example etc. is pointed out) of frequency bandwidth, it is transmitted to an optical receiving 
means and this optical clock signal is again changed into an electric clock signal by the optical 
receiving means. 

(0051) That is. the clock signal which has a high frequency is transmitted as a lightwave signal, 
and. finally is changed into an electrical signal. 

[0052] On the other hand, dividing of the electric clock signal outputted from the clock generator 
is carried out with a reference signal generation means, and it is transmitted to a predetermined 
distribution place as an electrical signal. 

[0053) Furthermore, as for the second electrical signal by which dividing was carried out with 
said first electrical signal by which photo electric conversion was carried out. and said reference 
signal generation means, both are supplied to a phase adjustment means. 

[0054] With a phase adjustment means, using the standup or falling of the First electrical signal 
and the second electrical signal, the time amount gap between both signals (phase shift) is 
detected, for example, the phase of both signals is arranged using a delay circuit etc. 
[0055] Moreover, a phase adjustment means supplies the clock signal by which phase adjustment 
was carried out to this appearance to a low-ranking distribution place. 

[0056] As [ restrict / the frequency of a clock signal / like before / therefore. / by electric 
interconnection bandwidth ) 

[0057] That is. the clock signal feeder which supplies the clock signal which has a high 
frequency, and does not produce the phase shift between clocks, either can be offered. 
[0058) Thus.^by the conventional method, the equipment with which the skew (the thing of the 
"phase shift" of a clock signal in LSI in a clock distribution place is called in this way below) of 
the optical clock signal which was not able to be realized does not influence a distribution place 
can be offered. 

[0059] In case wiring for clock signal supply applies this equipment to the various processors in 
long equipment for example, a mainframe computer, and especially, it is 

effective. 
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[0060] 

(Example) The example of this invention is explained with a drawing. 

[0061] Drawing 1 is drawing showing the semiconductor device of the 1st example of this 
invention. Drawing 2 is the sectional view of the A-A' side of drawin g 1 . In drawing 1 and 
*aw£g 2 . flip chip bonding of a semiconductor chip 1 and the wiring substrate 2 is carried out. 
The optical waveguide wiring 5 is formed in the tooth space between the electrode objects 4 
and the wiring layer 3 of the wiring substrate 2 is connected with the semiconductor chip 1 by 
the electrode object 4 which goes via the inside of the through tube 7 perpendicular to the 
.principal plane 6 of the optical waveguide wiring 5. 

(0062) A semiconductor chip 1 and the wiring substrate 2 are silicon or a compound 
semiconductor. A circuit and the optical component sections (a surface emission-type laser 
photo diode, etc J are formed in the field by the side of the wiring substrata 2 of a semiconductor 
chip I. Wiring layers 3 are metals (Co. aluminum, etc J and insulators (polyimide. glass, etc.). The 
electrode objects 4 are metal bumps (Pb-Sn solder. Au. etc.). A mirror or a grating for consisting 
of a dielectric (polyimide. glass, etc.) end combining the optical waveguide wiring 5 with the 
optical component section etc. is formed. 

[0063] After the optical waveguide wiring 5 forms a wiring layer 3 in the wiring substrate 2. it is 
formed in the front face of a wiring layer 3 by approaches, such as spreading or vacuum 
evaporation© Patterning of the optical waveguide wiring 5 and formation of a through tube 7 are 
performed by approaches, such as phot lithography. The Field which has a circuit in the position 
of the wiring substrate 2 in the semiconductor chip 1 with which the electrode object 4 was 
formed beforehand is carried by face down, and the wiring substrate 2 is electromechanically 
connected with a semiconductor chip 1 by fusing the electrode object 4. The location gap 
between the optical component section of a semiconductor chip 1 and the optical waveguide 
wiring 5 is canceled by ba sing-on surface tension which electrode object 4 by which melting was 
carried out has self-alignment operation, and optical coupling is ensured. 
[0064] According to **** 1 example, it is effective in the ability to perform optical 
INTAKONEKUSHON by the high speed and broadband optical waveguide, after connecting many 
electric input/output terminals of the electric wiring of the wiring layer 3 interior, and a 
semiconductor chip 1 . Arrangement of a wiring layer 3 or the electrode object 4 is not restrained 
by arrangement of the optical waveguide wiring 5. For example, when optical waveguide wiring is 
performed in 20-micrometer pitch between the electrode objects 4 of 200-micrometer pitch, the 
electrical connection of 2500 pins and the optical waveguide wiring 5 of about 400 can be picked 
out from the semiconductor chip 1 of I cm angle. The optical waveguide wiring 5 is used for 
broadcasting wiring (for example, pass wiring, clock wiring, etc.) or long-distance wiring (for 
example. I/O with the equipment exterior etc.). and if a wiring layer 3 is used for other signal 
wiring, power-source wiring, etc.. it can harness the special feature of electric wiring and optical 
waveguide wiring Since it is prepared in the side by which the optical waveguide wiring 5 faces 
the substrate 2 of a chip 1 about cooling of a semiconductor chip 1. cooling from the opposite 
side is not barred. Since a self-alignment operation of the electrode object 4 can be used for the 
optical component section of a semiconductor chip 1 . and the optical coupling of the optical 
waveguide wiring 5. they do not need to do a complicated optical-axis doubling activity. In 
addition, although grid-like wiring [ optical waveguide ] is formed in this example, it can be 
regarded as wiring which a lightwave signal did not interfere in the intersection and became 
independent, respectively. 

[0065] Drawing .3 a-e explains an example of tho manufacture process of a semiconductor 
device. 

[0066] At the 1st process, first as shown in drawing 3 a. the multilayer-interconnection layer 
101 and an electrode 102 are formed in the front face of the wring substrate 100. This wring 
layer 101 is formed coating of interiayer insulation Films, such as polyimide. vacuum evaporationo 
or plating of metal wring of aluminum, copper, etc.. and by repeating patterning by phot 
lithography. 

(0067) At the 2nd process, as shown in drawing_3 b. the cladding layers 103 and 105 which 
consist of photosensitive polymer, end a core layer 104 are formed by the approach of sticking 
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coating or a film etc. 

[0068] At the 3rd process, as shown in drawing 3 . cladding layers 103 and 105 and a core layer 
104 are exposed using a photo mask 106. In the translucent part of a photo mask 106, 
photosensitive polymer is exposed by ultraviolet rays and photopolymerization is performed 
alternatively. In addition, after exposure, tho refractive index of a core layer 104 becomes higher 
.than the refractive index of cladding layers 103 and 105. 

[0069] At tho 4th process, as shown in drawing 3 d, by removing the unexposed section by 
development patterning of cladding layers 103 and 105 and the core layer 104 is carried out and 
optical waveguide wiring is formed. An electrode 102 is exposed at this time. 
[0070] At the 5th process, as shown in d rawin g 3 e. the electrode 108 of a semiconductor chip 
107 and the electrode 102 of the multilayer-interconnection layer 101 are connected by the 
solder bump 1 09. 

[0071] In the semiconductor device manufactured as mentioned above, a lightwave signal 
spreads a core layer 104 and an electrical signal spreads a wiring layer 101. 
[0072] Although the clad showed two-layer and the core showed the example of optical 
waveguide wiring of one layer in the above-mentioned manufacture process, the example of the 
structure of some optical waveguide wiring is shown in drawing 4 a~d. 

[0073] Drawjng 4 a is the ridge mold waveguide 121 which consists of the core 121 formed on 
the electric wiring layer 120. Dj^wing_4 b is the waveguide by which the core 123 was 
sandwiched by dads 122 and 124 from the 2 -way as well as the waveguide shown in drawin g 3 . 
(>aw*?g 4 c is the pad mold waveguide by which the core 126 was surrounded by the clad 125 
from three directions. R> 4d of drawing 4 is the pad mold waveguide by which the core 128 was 
surrounded by the clad 128 from the four way type. 

[0074] Although a manufacture process becomes complicated as it dies to the direction of 
*33KH».* a to d. the propagation loss of waveguide decreases. It is decided with spacing and 
distance of optical waveguide wiring any aro chosen among these. 

[0075] By the way. although the 1st example showed the case where optical waveguide wiring 
crossed in the shape of a grid, by changing the pattern of the photo mask in drawing 3 c. for 
example, as shown in drawin g 5 . branching end a deviation of a lightwave signal can be 
performed, the electric wiring layer 201 is being connected to the semiconductor chip 200 by the 
bump 202. and the optical waveguide wiring 203 on a wiring layer 201 is formed among bumps 
202. A lightwave signal is branched or deflected in 220 or 221 by the reflector to which it inclined 
45 degrees to the optical axis, respectively. 

[0076] When transmitting and receiving between optical waveguide wiring and a semiconductor 
chip, a mirror as shown in drawing 6 is prepared, and optical waveguide wiring which changes 
from the mufcilayer-interconnection layer 231. and cladding layers 232 and 234 and a core layer 
233 to the front face of the wiring substrate 230 is formed. The electrode 235 of a wiring layer 
231 and the electrode 237 of the semiconductor chip 240 with which the circuit 241 was formed 
are being connected by the solder bump 235. Incidenco of the lightwave signal is earned out to 
the photo detector section 242 formed in the semiconductor chip 240 by the mirror 238 from 
optical waveguide wiring. Incidence of the lightwave signal which carried out outgoing radiation 
from the light emitting device section 243 is carried out by the mirror 239 to optical waveguide 
wiring. 

[0077] The above-mentioned mirror can be formed by using a photo mask as shown in drawing 7 
a-c « a phot lithography processes already stated, for example to drawing 3 c . That is. the dads 
250 and 252 which consist of photosensitive polymer, and a core 251 are exposed through phot 
MAKUSU 253 which changed the amount of protection from light to GUREDEDDO. Since the 
depth of the exposed part changes corresponding to the amount of protection from light at this 
urne. after developing negatives, as shown in drawing 7 b. an inclined plane, i.e.. a mirror, is 
formed. The metallic reflection film 254 as further shown in drawing 7 c through a phot 
lithography processes is formed to raise a reflection factor. 

[0078] Next oVawggj and drawing 9 explain the example which applied optical waveguide wiring 
of this invention to dock signal supply. In drawing 8 and 9. two or more silicon semiconductor 
devices 200 and silicon wiring substrates 205 are mounted in the package which consists of the 
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ceramics wiring substrate 207 and a water cooled jacket 210. and constitute the Si-on-Si 
module. The semiconductor device 200 is carried in the wring substrate 205 with the bare chip, 
and high density assembly is possible for it. Each semiconductor device 200 is the distribution 
place of a clock signal. 

[0079] The optical receiving circuit 201 is formed in the semiconductor device 200 with the LSI 
circuit at the monolithic. The semiconductor device 200 is being connected to the wiring 
substrate 205 by the solder bump 202. The polymer optical waveguide wiring 203. and the Cu / 
polyimide multilayer-interconnection layer 204 are formed in the wiring substrate 205. Since the 
optical waveguide wiring 203 is formed in the tooth space between the solder bumps 202. it does 
not bar the electrical connection of a semiconductor device 200 and a wiring layer 204. The 
wiring layer 204 is connected to the mullite system ceramics wiring substrate 207 through 
TAB206. The I/O pin 208 is connected to the wiring substrate 207. A semiconductor device 200 
pours water in the channel 21 1 of the water-cooled example jacket 210. and is cooled. The 
closure of the semiconductor device 200 is carried out by the water cooled jacket 210. the 
frame 214, and the wiring substrate 207. 

[0080] With an optical fiber 302. the optical clock signal by which outgoing radiation was carried 
out through the optical sending circuit from the source 300 of a clock signal is led to the above- 
mentioned module, and is supplied to the optical receiving circuit 201 of each semiconductor 
device 200 through the optical fiber 212 and the optical waveguide wiring 203 which were stored 
in the ferrule 213. Since the optical receiving circuit 201 is formed in the semiconductor device 
200 made from silicon, in consideration of the band gap of silicon, the wavelength of an optical 
clock signal is set as 1 micrometer or less. After the ferrule 213 made from ceramics adjusts the 
fitting location to a wiring layer 203. closure immobilization of it is carried out at the frame 214. 
The optical waveguide wiring 203 is equipped with branching wiring which was stated to drawing 
5 . and is equipped with a mirror which was stated to the part corresponding to the optical 
roceiving circuit 201 by drawjn gjB . A circuit pattern is a fractal which has an equal distance H- 
tree configuration at two or more distribution places, and a clock signal becomes almost in phase 
to each semiconductor chip 200. 

[0081] Prawggjj) is drawing showing the semiconductor device of the 3rd example of this 
invention. Rip chip bonding of two or more semiconductor chips 21 is carried out to the wiring 
substrate 22 (here, not shown [ the electrode object ]). The optical waveguide wiring 23 is 
formed in the tooth space between electrode objects. The bus connection of each 
semiconductor chip 21 is carried out to the optical waveguide wiring 23 by the control circuit 24. 
The control circuit 24 is formed in the silicon wiring substrate 22. 

[0082] According to **** 3 example, in the connection between chips when there are very many 
semiconductor chips 21. it is effective. Although a limitation is located in electric wiring in a 
wiring number or a band, mass lightwave signal transmission can be performed by establishing a 
multiplexing circuit in each semiconductor chip 21. Moreover, do spa connection can be made by 
using an optical switch as substitution of a control circuit 24. 

[0083] In the above example, arrangement of optical waveguide wiring to a semiconductor chip 
and a wring substrate is important and it cannot be overemphasized that it is effective also to a 
prnted circuit board besides a silicon substrate, a multilayer ceramics substrate, etc. as a wiring 
substrate. According to the purpose of use. it can choose from polyimide. glass, a semi- 
conductor, etc. as an optical waveguide ingredient and guided wave structure and the mode of 
propagation can be designed. Moreover, although optical waveguide wring was formed in the 
front face of a wiring substrate in the example, optical waveguide wiring can be performed also 
by the approach of the approach of carrying the optical waveguide substrate manufactured 
separately from a wiring substrate on a wiring substrate, printing shaping, etc. 
[0084] The block diagram of the clock signal feeder of four examples is shown in drawin g 11 . 
[0085] From the phase adjuster 1010 which adjusts the phase of the clock generator 1001 dock 
signal which generates a dock signal, and a clock generator 1001. this example has electric 
INTAKONEKUSHON 1008 which supplies a reference signal to a phase adjuster 1010. and 
consists of a reference signal generation machine 1006 which generates optical 
INTAKONEKUSHON 1022 which supplies a dock signal to a phase adjuster 1010. and the 
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reference signal used for phase adjustment from a clock signal, and a reference signal generation 
machine 1006. 

[0086] The distribution place 1009 of a clock signal and a reference signal is equipped with the 
distributor 1014 which has phase adjuster 1010 and supplies the clock signal by which phase 
adjustment was carried out to the low-ranking distribution place 1015. Furthermore optical 
INTAKONEKUSHON 1002 has the optical transmitter 1003. the optical receiver 1004. and an 
optical transmission line 1005. and is constituted. 

[0087] The optical transmitter 1003 changes into an optical clock signal the electric clock signal 
output ted from the clock generator 1001. 

[0088] The optical receiver 1004 is a means to change an optical clock signal into an electric 
clock signal. 

[0089] An optical transmission fine 1005 transmits and supplies an optical clock signal from the 
optical transmitter 1003 at the optical receiver 1004. 

[0090] The optical transmitter 1003 is realized by a light emitting device, drive circuits etc such 
as a laser diode and solid state laser. 

[0091] What is necessary is just to use the external optical modulator using excitation control of 
laser oscillation, mode locking and the electro-optical effect etc. for 'ultra high-speed 
optoelectronics. Baifukan. and the 1991 issue" like a publication, for example as an approach of 
changing into an optical clock signal the electric clock signal outputted from the clock generator 
1001. 

[0092] The optical receiver 1004 is realized by a photo detector and drive circuits, such as a 
photodiode and a photograph conductor. 

[0093] In the distribution place 1009. the electric clock signal by which light / electric conversion 
was carried out with the optical receiver 1004 is supplied to a phase adjuster 1010. 
[0094] Generally, it is possible to perform "the electrical and electric equipment / optical 
conversion" in the optical transmitter 1003. and "the light / electric conversion' in the optical 
receiver 1004 in a frequency band 100GHz or more. 

[0095] In addition, what is necessary is just to set the optical output of the optical transmitter 
1003 as a value by which the optical clock signal beyond the minimum reception output in a 
clock frequency is supplied to the optical receiver 1004 in consideration of the transmission loss 
of an optical transmission line 1 005. joint loss, branching loss. etc. 

[0096] An optical transmission line 1005 is realized by the optical system using optical devices, 
such as optical waveguide using an optical fiber, a slab mold, or channel mold optical waveguide 
or a lens, a hologram, a mirror, and prism, corresponding to the mounting environment of 
equipments, such as a processor to which four examples are applied. 

[0097] In order to supply optical clock ** to two or more distribution places 1009. the optical 

transmission machine 1005 has an optical turnout, and is constituted. 

[0098] An optical turnout is realizable with for example, star PUKARRA. a power splitter. 

broadcasting optical system, etc. Moreover, the configuration which combined many optical 

turnouts is also considered. In this case, according to the number of the distribution places 1009. 

it opts for the configuration of an optical turnout so that the optical clock signal of a 

predetermined amplitude signal may be supplied to the optical receiver 1004. 

[0099] Moreover, although the transmission band width of face of an optical transmission line 

1005 becomes more than IT (Hz-m) with an optical fiber depending on wiring distance, this value 

turns into sufficient value for distribution of an optical clock signal. 

[01 00] The reference signal generation machine 1006 generates the reference signal in the 
frequency bandwidth of electric INTAKONEKUSHON 1008 based on the clock signal supplied 
from a clock generator 1001. 

[0101] For example, it is constituted like an approach given m JP.2-168308.A etc. by the 
counting-down circuit which connected the flip-flop circuit 1007 to the serial. Moreover, 
although the reference signal generation machine 1 006 is equipped with the output-buffer circuit 
to which a year fan-out is made to increase, constitutes and is and is in order to supply a 
reference signal to two or more distribution places 1009. although illustration is not carried out 
this buffer circuit is not an indispensable component that what is necessary is just to prepare if 
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C0102] Electric INTAKONEKUSHON 1008 is chosen according to mounting conditions for 
example, consists of a coaxial cable, a printed-circuK board, a ceramics wiring substrate, a 
solder bump. etc. Typically, the chip 1 of drawing I corresponds to the distribution place 1009 of 

U • »«d INTAKONEKUSHON 1005 and 1008 of light and the electrical and electric 
equipment includes the optical supply between the photoelectricity connection to which it 
results in the wiring substrate 2 ( drawing 1 ). wiring in a wiring substrate, wiring substrate top 
waveguide, a bump, and a CHIPPU wiring substrate. 

[0103] h is necessary to arrange load conditions, wiring distance, etc. with a sufficient precision 
beforehand in order to supply the reference signal with which the phase was equal to the 
distribution place 1009 existing [ two or more ]. for example, as indicated by JP.2- 168308 A 
5184027 and USP 5043596. Thereby, the propagation delay time of electric INTAKONEKUSHON 
1008 is controlled, and the phase of the reference signal in the distribution place 1009 is 
arranged. 

[0104] Generally, although several GHz-m of the transmission band width of face of electric 
INTAKONEKUSHON 1008 is limitations, since the frequency of a reference signal is in the 
bandwidth of electric INTAKONEKUSHON 1008. it is satisfactory. 

[0105] A phase adjuster 1010 adjusts the phase of a supply **** clock signal from the optical 
receiver 1004 based on the reference signal supplied from electric INTAKONEKUSHON 1008. 
[0106] As the phase adjustment approach, various kinds of approaches can be considered 
according to a clock frequency, clock signal adjustment width of face. etc. For example, what is 
necessary is just to use the approach indicated by JP.2-168308A USP5184027 and 
USP5043596. In this case, to the phase of the adjustable delay machine 1012 which receives 
supply of a clock signal from optical INTAKONEKUSHON 1002. and the reference signal supplied 
from electric INTAKONEKUSHON 1008. a phase adjuster 1010 has the phase comparator 101 1 
with which at least that of the clock signal supplied via the adjustable delay machine 10t2 
detects progress or the delay of a phase, and the delay controller 1013 which controls the time 
delay of the adjustable delay machine 1012 based on progress or delay of a phase, and is 
constituted. 

[0107] A phase comparator 101 1 has the set-reset flip-flop circuit which carried out cross 
connection of the NOR circuit of 2. and is constituted. 

[0108] The phase of the clock signal fed back to a phase comparator 101 1 via the adjustable 
delay machine 1012 and a distributor 1014 from the optical receiver 1004 is compared to the 
phase of a reference signal, and the signal pulse of high level or a low level is outputted to the 
delay controller 101 3 corresponding to progress or delay of a phase. 
[0109] It outputs to the adjustable delay machine 1013. 

(01 10] The adjustable delay machine 1012 has the multistage selector circuit which connected 

the signal path from which propagation delay time differs, and is constituted. 

[01 1 1] What is necessary is just to use an OR circuit a differential circuit, a tee lei line. etc. for 

this signal path. By choosing change for a selector circuit, a time delay is changed 

and the phase of a clock signal is adjusted. A time delay is controlled by the delay controller 
1013. 

[01 12] The number of stages of a selector circuit, the travelling period of a signal path. etc. are 
set up in consideration of the adjustable width of face corresponding to a clock frequency, and 
time resolution. 

[01 13] The delay controller 1013 has an up down counter and is constituted. 
[01 14) In a phase comparator 1011. when the signal of a clock signal is progressing from the 
reference signal, an output pulse is made high-level, and when conversely behind, an output 
pulse is made into a low level. 

[01 15] An updown counter counts up per [ 1 ] high-level pulse, and counts down per [ 1 ] pulse 
of a low level conversely. 

[01 16] The output terminal of each digit in a binary number counter is respectively connected 
with an input terminal in each stage of the selector circuit of the adjustable delay machine 1012. 
[01 17] In each selector circuit, when an input value is "l", the big signal path of a time delay is 



http://www4.ipdl.ncipi.gOjp/cgi-bin/tran_web.cgi.ejje 



JP.06-132516A [DETAILED DESCRIPTION] 



11/19 <<—is 



chosen, and when an input value is "0". the small signal path of a time delay is chosen. 
[0118] What is necessary is just to unite the phase of a clock signal with the phase of a 
reference signal by such control. 

[01 19] A distributor 1014 supplies the clock signal amended by the phase adjuster 1010 to the 
distribution place 1015. and feeds back a part of output to a phase comparator 101 1 for phase 
adjustment 

[0120] A distributor 1014 has for example, an output-buffer circuit, a counting-down circuit, etc., 
and is constituted. For example, the clock signal which has a predetermined frequency and a 
predetermined phase is generated by carrying out dividing of the clock signal supplied from the 
adjustable delay machine 1012 in the distribution place 1015 when a polyphase clock signal is 
required. 

[0121] According to the clock signal feeder of the 4th example, the clock signal which carried 
out the product from generating from the clock generator 1001 is supplied to the distribution 
place 1009 by INTAKONEKUSHON 1002. On the other hand, the reference signal generated from 
the clock signal will be supplied to the distribution place 1009 through electric 
INTAKONEKUSHON 1008 with the reference signal generation vessel 1006. 

[0122] And the phase of a clock signal is arranged with the phase of a reference signal by phase 
tone **** 1010 which it has in the distribution place 1009. 

[0123] Thus, the clock signal by which phase adjustment was carried out is supplied to the low- 
ranking distribution place 1015 through a distributor 1014. 

[0124] Since the frequency bandwidth of optical INTAKONEKUSHON 1002 is very wide, it 
becomes possible [ that the clock signal exceeding the frequency bandwidth of conventional 
electric INTAKONEKUSHON is supplied by distribution 1009 ). 

[0125] Since the phase adjustment between signals is easy as compared with optical 
INTAKONEKUSHON 1002. electric INTAKONEKUSHON 1008 can supply the reference signal 
with which the phase gathered to a phase adjuster 1010. 

[0126] That is, it becomes possible to adjust the phase of a clock signal with a sufficient 
precision. 

[0127] Therefore, according to this example, it becomes possible to supply ultra high-speed and 
the small clock signal of a skew to the distribution place 1015. 

[0128] Next, the optical transmitter 1003 and the optical receiver 1004 in the clock signal feeder 
shown in the 4th example are explained. 

[0129] The configuration of the optical transmitter 1003 of the clock signal feeder which is the 
5th example is shown in drawing 12 The optical transmitter 1003 concerning this example ** 
the optical amplifier 1022 which amplifies the optical clock signal by which outgoing radiation was 
carried out and the optical output controller 1023 which holds the signal amplitude of an optical 
clock signal uniformly, and consists of a laser diode 1020. its drive circuit 1021. and a laser diode 
1020. 

[0130] A laser diode 1020 consists of semiconductor devices, and has small and an advantage 
with simple handling compared with the light sources, such as a solid-state and gas laser. 
[0131] As a laser diode 1020. the refractive- index guided wave mold, distribution feedback type 
laser, etc. of large common knowledge of frequency bandwidth can be considered from a welr- 
known gam guided wave mold. 

[0132] As a drive circuit 1021. although the well-known gain switching method, the mode said 
periphery method, an external light modulation method, etc. can be considered, the configuration 
has adopted the simple direct modulation method. 

[0133] The drive circuit 1021 changes into a laser modulation current the electric clock signal 
generated from **~ 1001 from a clock, superimposes this on the direct-current bias current of 
a predetermined value, and pours it hto a laser diode 1020. What is necessary is just to use 
other driving means by the direct modulation method, to extend bandwidth further, although 
about 10GHz modulation bandwidth is obtained. 

[0134] As an optical amplifier 1012. ** is good using the progressive wave mold semi-conductor 
optical amplifier of the common knowledge which has the magnification bandwidth of ITHz or 
more, for example. It has the advantage that this amplifier is small compared with a rare earth 
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dope optical fiber (optical fiber which doped rare earth elements, such as erbium, is called) mold 
optical amplifier. 

[0135] k depends for magnification gain on an exciting current. The value of an exciting current 
is set up in consideration of the optical output of a laser diode 1020. loss of an optical 
transmission line 1005. the receiving sensibility of the optical receiver 1004. etc. When the 
optical output to the optical receiver 1004 is insufficient it is also possible to make an optical 
amplifier 1022 the configuration which it had just before the mid-position of an optical 
transmission line 1005 or the optical receiver 1004. 

[0136] Moreover, the optical output controller 1013 has a differential amplifying circuit realizable 
[ with electron devices such as a transistor. ]. end is constituted. 

[0137] The optical output controller 1013 is a circuit which detects a part of laser diode 1020 
and optical output of an optical amplifier 1022. and controls the drive current of a laser diode 
1020 and an optical amplifier 1022 by the difference of this power of test electrical potential 
difference and reference voltage. 

[0138] Thereby, since the amplitude value of an optical clock signal is kept constant a lightwave 
signal is detectable to stability with the optical receiver 1004. 

[0139] According to this example, with the small and simple drive circuit 1021 and an optical 
amplifier 1022. if an optical clock signal is transmitted, it can **. 

[0140] With an optical amplifier 1022. the optical clock signal which has sufficient signal 
amplitude beyond the minimum ready-fof— receiving ability optical output can be supplied to the 
optical receiver 1004. 

[0141] Moreover, compared with the case where a transmitting optical output is made to 

i. large frequency bandwidth can be obtained by driving a laser diode 1020 with a large 



[0142] Furthermore, with the optical output controller 1023. since an optical output signal is 
stabilized, a signal-decision error does not arise in the optical receiver 1004. 
[0143] Drawing _1_3 is the block diagram of the optical receiver 1004 in a clock signal feeder. 
[0144] The optical receiver 1004 has photograph tee TEKUTA 1031 which detects an optical 
clock signal, its drive circuit 1 032, the band pass machine 1 033 to a clock frequency, and the 
signal-decision machine 1034. and consists of this examples. 

[0145] What is necessary is just to use small and a photodiode with simple treatment as 
photograph tee TEKUTA 1031. for example. 

[0146] There are a pin mold photodiode. an avalanche mold photodiode which has a photocurrent 
magnification operation as photodiode. 

[0147] K is more desirable to adopt a pin photodiode with easier manufacture than en avalanche 
mold photodiode. when the optical clock signal of sufficient magnitude is supplied, as drawing 12 
explained. 

[0148] It has the bias circuit which impresses a reverse bias electrical potential difference to a 
photodiode. and the amplifier circuit which amplifies the photocurrent generated with the optical 
clock signal which carried out incidence to the light-receiving side, and the drive circuit 1032 is 
also constituted. 

[0149] To a clock frequency, the load resistance of the junction capacitance of a photodiode. 
applied voltage, and the drive circuit 1032 etc. is set up so that it may have sufficient bandwidth. 

[0150] What is necessary is just to usually set up small light-receiving area and depletion-layer 
width of face in a pin mold photodiode, when you need a broadband further although bandwidth 
with an extent of several 10GHz is obtained. However, according to this, it is necessary to raise 
the optical-axis doubling precision of the optical transmission line 1005 to a photodotector 1031. 
end to gather the amplification factor of the drive circuit 1032. 

[0151] A band pass filter should just be used for the band pass machine 1033. This filter has a 
filter circuit realizable [ with various kinds of electron devices, such as a transistor KONTENSA 
and resistance. }. and is constituted. 

[0152] This filter removes the noise which has low-pass or the frequency of a high region from a 
dock frequency. To a noise, when the output of an optical KURROKU signal is sufficiently large. 
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K is not necessary to prepare. 

(0153] The sicn* (-decision machine 1034 i s „ circuit which slices the output signal of the drive 
circuit 1032 which has passed the band pass machine 1033 with predetermined signal level and 
takes out the electric clock signal of predetermined signal amplitude by this. 
[0154] According to the **** 6 operation region, small end simple photograph tec TEKUTA 
10331 enables it to detect an optical clock signal. 

[0155] Since the optical receiver 1004 is formed to each of the distribution place 1009. when 

using under a high density environment, it becomes important [ a small thing ]. 

[0156] With an actuator 1032 and the signal-decision vessel 1034. the photocurrent which 

photograph tee TEKUTA 1031 detected is convert tola for an electric clock signal. 

[0157] Since the band pass machine 1033 removes the noise of a detection current, it can 

supply a clock signal with sufficient reliance to the distribution place 1009. 

[0158] Thus, small and simple equipment enables it to supply an about 10GHz ultra high-speed 
clock signal by combining the means of the 5th example and the 6th example. 
[01 59] The 7th example of this invention is shown in drawin g 14 . 

[0160] Cross-section structural drawing of a processor is shown in drawjng 14 about the 
processor to which this example applied the clock signal feeder of point «*. 

[0161] The processor has pointed out the thing of equipment which has the function to perform 
predetermined signal processing here. 

[0162] The processor of this example has two or more semi-conductor modules, and is 
constituted. 

[01 63] Drawing 14 shows one of modules [ them ]. 

[0164] Moreover, such a processor is built in a mainframe and used. In drawing 1 4 . a semi- 
conductor module has two or more semiconductor device 1101. wiring substrates 1 103 and 1 106. 
and water cooled jacket 1 10 grades, and is constituted. 

[0165] The semiconductor device 1101 and the solder bump 1 102 (the thing of the projection 
electrode of minute solder like a ball ball is called) in whom the LSI circuit was formed correct 
with the mulHta system (it is name of ceramics ingredient sequence) ceramics wiring substrate 
1 103. and the package closure of the ******** is carried out with the high A1-N cap (cap made 
from nitriding aluminum) 1 104. 

[0166] The package constituted by having the wiring substrate 1 103 and cap 1 104 is being 
connected to the mullrte system muruTayer ceramics wiring substrate 1 106 by the solder bump 
1 105. Moreover, although not illustrated, the modular I/O pin 1 107 is connected to the multilayer 
printed circuit board. 

[0167] Here, the water-cooled method is adopted as cooling of a semiconductor device 11 01. A 
semiconductor device 1 101 is cooled through a radiation fin 1 108 the channel 1111 of a water 
cooled jacket 1110. and by pouring water to bellows 1 109. Closure immobilization of a water 
1 t06 d j8CKet 1 1 10 *" fr8mC ' 112 '* CarHed 001 at multilayer ceramic wiring substrate 
[0168] A water cooled jacket 1 110. bellows 1 109. and a frame 1 112 are for example, the 
products made from a cover alloy, end a radiation fin 1 1 08 is for example, a product made from 
nitriding aluminum. 

[0169] ft has the optical receiver 1004 constituted by the semi-conductor module which is the 
distribution place 1009 having a photodiode 1 120 and a semiconductor device 1 122. and the 
phase adjuster 1010 which consists of semiconductor devices 1 122. 

[0170] Rip chip bonding of the pin mold InGaAs system photodiode 1 120 is done to the GaAs 
system semiconductor device 1 122 by the solder bump 1121. The semiconductor device 1 122 is 
connected to the wiring substrate 1106 through the I/O pin 1 126. 

[0171] The closure of a photodiode 1 120 and the semiconductor device 1 122 is carried out to 

the package constituted by having the base 1 123. a frame 1 125. and the glass cap 1 124. 

11 10^ A P * Ck * ge ' S COO ' ed throu K h beat-conduction block 1 127 and a water cooled jacket 

[0173] For example, it was outputted from the optical transmitter 1003. the optical clock signal 
of wavelength 1.3 (micrometer) is supplied to the photodiode 1120 which is the optical receiver 
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1004 via an optical transmission Kne 1005. An optical transmission line 1005 has optical fibers 
1 130 and 1 133. prism 1 135. and a lens 1 136. and is constituted. 

[01 74] The single mode optical fiber 11 30 with a diameter of 125 micrometer, i» protected by 
covering 1131. and is equipped with the optical connecter 1 132 of plastic goods molding at the 
tip. , 
[01 75] An optical connecter 1 132 is connected to the receptacle 1 134 of plastic goods molding 
using a fitting pin. 

[0176] With the glass prism 1 135. the optical path is changed, it is condensed by the frame 1112 
by the ** glass lens 1 136 by which closure immobilization was carried out. and the optical clock 
signal which has spread the optical fiber 1 133 in a receptacle 1 134 penetrates cap 11 24 and it 
carries out incidence to the light-receiving side of a photodiode 1 120. 

[0177] After a receptacle 1134 and prism 1 135 perform opOcar-axis doubling, they are fixed to a 
frame 1112. 

[0178] The photocurrent generated by the light which the photodiode 1 120 detected is changed 
rto an electric clock signal by the optical receiver 1004 formed in the semiconductor device 
1 122. An electric clock signal is supplied to the phase adjuster 1010 currently formed in the 
same semiconductor device 1 122. 

[0179] On the other hand, the phase reference signal outputted from the reference signal 
generation machine 1006 is supplied to a semiconductor device 1 122 via electric 
INTAKONEKUSHON 1008. Electric INTAKONEKUSHON 1008 has an electrical cable, a printed- 
orcuit board, the I/O pin 1 107. the wiring substrate 1 106. and the I/O pin 1 126 and is 
constituted. x 

[0180] the propagation-delay time of electric INTAKONEKUSHON 1008 is easy to become equal 
to the semiconductor device 1 122 of the semi-conductor module which is each distribution place 
1009 — it is elfeo and is set up. 

[0181] The phase adjuster 1010 of a semiconductor device 1 122 performs phase doubling of a 
clock signal to a reference signal. 

[0182] The clock signal by which phase adjustment was carried out turns into a polyphase clock 
signal by which dividing was carried out with the distributor 1014. A polyphase clock signal is 
supplied to two or more semiconductor devices 1 101 which are the low-ranking distribution 
places 1015 through the I/O ph 1 1 26 and the wiring substrates 1106 and 1103. 
[0183] it is a preparation about the optical receiver 1004 end a phase adjuster 1010. without 
barring the mounting structure of the high density of the semi-conductor module which is the 
distribution place 1009 according to 7 example — a configuration is realizable. That is. a 
clock signal is supplied via [ at least in the phase with which the semiconductor device 1 122 was 
equipped ] an optical transmission line 1005 (an optical fiber 1 130. lens 1 136 grade) and the 
optical receiver 1004 (a photodiode 1 120 and semiconductor device 1 122) in the adjustment bag 
1010. and a reference signal is supplied from the reference signal generation machine 1006 via 
electric INTAKONEKUSHON 1008 (the wiring substrate 1 106. I/O pin 1 126 grade). 
[0184] Moreover, the clock signal adjusted by the phase adjuster 1010 is supplied to two or more 
semiconductor devices 1101 which are the low-ranking distribution places 1015 via the 
distributor 1014 and wiring substrate 106 grade which are prepared on the semiconductor device 
1122. 

[0185] Thus, the ultra high-speed clock signal of a predetermined frequency and a 
predetermined phase can be supplied to two or more semiconductor devices 1 101 in a semi- 
conductor module. 

[0186] A ultra high-speed large scale computer is realizable by carrying out synchronous 
operation of many semiconductor devices 11101 using the processor explained in the **** 7 
example. 

[0187] Drawing _15 is cross-section structural drawing of tho processor which applied tho clock 
signal feeder of the 8th example concerning this invention. Unlike tho 7th example, m the semi- 
conductor module which is the distribution place 1009. OEIC (Optoelectronic Integrated Circuir) 
1 140 of a piece has the optical receiver 1004 and the phase adjuster 1010. 
[0188] In tho GaAs system OEIC 1 140. it is MSM (Metal-semiconductor-Metal). The optical 
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receiver 1004 which consists of an electronic circuitry constituted by having the mold 
photodiode 1 141 and FET. and the phase adjuster 1010 which consists of an electronic circuitry 
constituted by similarly having FET are formed on the same substrate. 

[0189] The package closure of OEIC1 140 is carried out like a semiconductor device 1101. and it 
is cooled through the cap 1 1 04 and the radiation fin 1 108. 

[0190] Now. for example, it was outputted from the optical transmitter 1003. incidence of the 
optical clock signal of wavelength 0.8 (micrometer) is carried out to a photodiode 1 141 via an 
optical transmission line 1005. 

[0191] An optical transmission line 1005 has an optical fiber 1143 and a lens 1 142. and is 
constituted. 

[0192] The optical fiber 1 143 is covered with the ferrule 1 144 which penetrates the wiring 
substrate 1106. Optical-axis setting optical FAIBA 1 143. a lens 1 142 and a lens 1 142. and a 
photodiode 1 141 is respectively performed automatically by the solder bumps' 1 102 and 1 105 
self-alignment operation. 

[0193] That is. a solder bump becomes ball shape with the surface tension of **** solder. If the 
location of a chip has shifted to the substrate, since a solder bump's form will be distorted, the 
bump herself is going to become round, surface tension will work, a location gap will be amended, 
and a self-alignment operation arises. 

[0194] Although not illustrated, the multilayer printed circuit board to which a modulo is 
connected is equipped with the connector of the I/O pin 1 107 and a ferrule 1 144. respectively, 
and these can carry out insert and remove (take out and insert a modular pin to a printed-circurt 
board) to coincidence. 

[0195] A reference signal is supplied to OEIC1140 via electric INTAKONEKUSHON 1008 from 
the reference signal generation machine 1006. Electric INTAKONEKUSHON 1008 has an 
electrical cable, a printed-circuit board, the I/O pin 1 107. the wiring substrate 1 106. and the 
solder bumps 1 102 and 11 05. and is constituted. 

[0196] Based on a reference signal, the clock signal by which phase adjustment was carried out 
with OEIC1140 is supplied to two or more semiconductor devices 1101 which are the low- 
ranking distribution places 1015 through a distributor 1014 and the wiring substrates 1 106 and 

1103. 

[0197] Since according to **** 8 example the optical receiver 1004 and tho phase adjuster 1010 
are formed on the same substrate in 0E1C1 140 and are being connected to the wiring substrates 
1 103 and 1 106 by the solder bumps 1 102 and 1 105 of low capacity, still larger frequency 
bandwidth is obtained compared with the 7th example. 

[0198] An optical clock signal is supplied to the phase adjuster 1010 of OEIC 1 140 via an optical 
transmission line 1005 (optical fiber 1 143 grade) and the optical receiver 1004 (this example 
OEIC 1140). 

[0199] A reference signal is supplied to a phase adjuster 1010 via electric INTAKONEKUSHON 
1008 (the wiring substrates 1 106 and 1 103. the solder bump 1 105. 1 102 grades). 
[0200] The clock signal adjusted in the phase adjuster 1010 is supplied to two or more 
semiconductor devices 1 101 which are the distribution places 1015 by the distributor 1014. 
[0201] Although the installation location of a phase adjuster 1010 was restricted near the frame 
1 121 of a semi-conductor module in the 7th example, it can install in a desired location in the 
8 example. 

[0202] Since OEIC 1140 is contained by the semiconductor device 1 101 and the common 
package, it is suitable for mounting structure. Moreover, it is also possible to omit a complicated 
optical-axis doubling activity with an optical transmission line 1005 and a photodiode 1141 
according to the solder bumps' 1 102 end 1 105 self-alignment operation. 
[0203] Moreover, since cooling of 8 example and a water-cooled method is adopted 
compared with heat-conduction coolinr in the 7th example, it becomes possible to cool 
OEIC1140 efficiently. 

[0204] Drawin g J6 is cross-section structural drawing of the processor which applied the clock 
signal feeder of the 9th example concerning this invention. 

[0205] The processor of this example has and constitutes two or more Si-on-Si modules 
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compared with the module of tho 7th example and the 8th example that high density assembly 
should be further made possible. 

[0206] Si-on-Si says the thing of the mounting method which connects the LSI chip made from 
silicon on the wiring substrate made from silicon. 

[0207] In drawing 16 . two or more semiconductor devices 1200 made from silicon and the wiring 

substrate 1 205 made from silicon have the ceramics wiring substrate 1 207 and a water cooled 

jacket 1210. are constituted, and the Si-on-Si module is mounted in the package. 

[0208] Since a semiconductor device 1200 is carried in the wiring substrate 1205 with a bare 

chip, compared with the 7th and 8th example, more, mounting of high density is attained and it 

can constitute a large-sized chip. In this example, one semiconductor device 1200 will be 

equivalent to the distribution place 1009 of the clock signal in tho first example. 

[0209] Optical reception and a phase adjuster 1201 are formed on the same substrate with the 

LSI circuit at the semiconductor device 1200. 

[0210] The semiconductor device 1200 is being connected to the wiring substrate 1205 by the 
solder bump 1202. 

[021 1) The polyimido (for example, diamine and carboxyfic acid are tho macromolecule structures 
which carried out polymerization to shape of straight chain by imide radical) system optical 
waveguide wiring 1203 which is an optical transmission hne 1005. and the Cu / polyimide 
muttilayer-inter connection layer 1204 which is electric INTAKONEKUSHON 1008 are formed in 
the wiring substrate 1205. The optical waveguide wiring 1203 is ** which does not produce 
trouble in the electrical connection of a semiconductor device 1 200 and a wiring layer 1 204 since 
ft is prepared in the tooth space between the solder bumps 1202 as drawing 17 is shown. 
[0212] A wiring layer 1204 is connected to the wiring substrate 1207 of MURAI system ceramics 
by TAB (Tape Automated Bonding) 1206. and this wiring substrate 1207 is connected to the I/O 
pin 1208. 

[0213] A semiconductor device 1200 can be cooled by pouring water into the channel 121 1 of a 
water cooled jacket 1210 like the 7th and 8 example. 

[0214] The closure of the semiconductor device 1200 is carried out by the water cooled jacket 
1210. the frame 1214. and the wiring substrate 1207. 

[0215] An optical clock signal is supplied to optical reception and the phase adjustment means 
1201 via an optical transmission line 1005. Since optical reception and a phase adjuster 1201 are 
formed in the semiconductor do vice 1200 made from RISHIKON. it sets the wavelength of an 
optical clock signal below to one (micrometer) in consideration of the band gap of silicon. 
[0216] An optical transmission line 1005 has the optical fiber 1212 covered with the ferrule 1203. 
and the optical wave director wiring 1203. end is constituted. 

[0217] After the ferrule 1213 made from ceramics adjusts a fitting location to a wiring layer 
closure imrnobilization of it is carried out with a frame 1214. 

[0218] As shown in 18. not using a ferrule 1213. rt is possible to combine the core 1224 of an 
optical fiber 1212 and the optical waveguide wiring 1203 with the wiring substrate 1205 using V 
groove 1223 formed by anisotropic etching, and to also make light spread. 
[0219] Optical waveguide wiring 1203 is considered as the configuration equipped with the 
optical turnout 1220 and the optical-path converter 1221 grade as shown in drawing J7 in order 
to lead an optical clock signal to the optical reception and the phase adjuster 1201 arranged at 
predetermined ***». 

[0220] Moreover, the optical waveguide wiring 1203. and optical reception and a phase adjuster 
1201 may have the function in which the mirror 1222 as shown in drawing 19 performs optical 
coupling. 

[0221] Optical-axis setting the above optical device is performed by the solder bump's 1202 
serf-alignment operation. 

[0222] Now. a reference signal is supplied to a phase adjuster 1201 via electric 
INTAKONEKUSHON 1008. 

[0223] Electric INTAKONEKUSHON 1008 has the I/O pin 1208. the wiring substrate 1207. 
TAB 1206. and a wiring layer 1204, and is constituted. 

[0224] The clock signal with which the phase was adjusted is supplied to a distributed part 1015 
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m a semiconductor device 1200 through the wiring layer of the front face of a semiconductor 
device 1 200. 

(0225] Without restricting the operation gestalt also in the semi-conductor module by which high 
density assembly was carried out further from the 7th and 8th example according to **** 9 
example, a clock signal is supplied to optical reception and the phase adjuster 1201 of each 
semiconductor device 1200 by the optical transmission Ikie 1005 (an optical fiber 1212. optical 
waveguide wiring 1203 grado). and a reference signal is supplied to it by electric 
INT AKONEKUSHON 1008 (the wiring substrate 1207. wiring layer 1204 grade). 
[0226] The clock signal after phase adjustment is supplied to the distribution place 1015 of the 
semiconductor device 1200 interior from optical reception and a phase adjuster 1201. 
[0227] Thus, the ultra high-speed clock signal which has a predetermined cycle way and a 
predetermined phase can be distributed to the semiconductor device 1200 large-sized interior. 
[0228] Drawing 20 is cross-section structural drawing of the processor which applied the clock 
signal feeder of the 10th example concerning this invention. 

[0229] The processor of the 10th example has the wafer scale in length gray SHON ("WSI" is 
called) component 1300 of a large area, and is constituted. 

[0230] The closure of the WSI component 1300 is carried out to the base 1306. frames 1303 and 
1304. and the module constituted by having cap 1310. 

[0231] The distribution place 1009 of the clock signal shown in the 4th example is formed in two 
or more predetermined locations on the WSI component 1300. 

[0232] Two or more optical reception and phase adjusters 1301 are formed on the same 
substrate at the WSI component 1300 made from silicon. The WSI component 1300 is connected 
to tho I/O pin 1305 by TAB 1302. 

[0233] In order to cool the WSJ component 1 300. the air-cooling fin is formed in the base 1306 
made from the ceramic made from Cu-W. 

[0234] In addition. WSI is "Wafer-Scale-Integration". Things are said, and as for Book WSI, a 
circuit will be formed in the whole wafer although the usual LSI chip cuts down and 
manufactures a semi-conductor wafer. 

[0235] The optical clock signal of wavelength 0.8 (micrometer) is supplied to optical reception 
and a phase adjuster 1301 via an optical transmission line 1005. 

[0236] An optical transmission line 1005 has an optical fiber 1315 and optical waveguide 1311. 
and is constituted. 

[0237] By connecting an optical connecter 1316 to a receptacle 1314. optical FADBA 1315 and 

optical waveguide 1311 are combined, and light spreads. 

[0238] Here, optical waveguide 1311 is formed on the glass cap 1310. 

[0239] The optical clock signal which spreads optical waveguide 1311 is distributed to optical 

reception and a phase adjuster 1301 by the grating couplers 1312 and 1313. 

[0240] A reference signal is supplied to optical reception and a phase adjuster 1301 through 

electric INT AKONEKUSHON 1008. Electric INT AKONEKUSHON 1008 has the wring layer of the 

I/O pin 1305. TAB 1302. and WSI component 1300 front face, and is constituted 

[0241] Tho clock signal by which phase adjustment was carried out with optical reception and a 

phase adjuster 1301 is supplied to the distribution place 1015 of the WSI component 1300 

interior. 

[0242] Therefore, according to this example, the ultra high-speed clock signal which has a 
predetermined frequency and a predetermined phase can be supplied to two or more fields of the 
WSI component 1 300 of a large area. 

[0243] Drawing 2 1 is the cross-section structure of the processor which applied the clock signal 
feeder of the 1 1th example concerning this invention. 

[0244] The processor in **** 1 1 example has two or more WSI component 1320 boundaries, and 
is constituted. 

[0245] By carry trig out stack mounting of the WSI component 1320. the WSI module with a much 
more big scale is constituted compared with the 10th example. 

[0246] Each WSI component 1320 is equivalent to the distribution place 1009 of the clock signal 
in the 4th example. 



[0247] The optical receiver 1004 and a phase adjuster 1010 are formed in the posit ion of the 
WSI component 1 320 made from silicon. 

J0248] | The optical receiver 1004 can be manufactured by carrying out heteroepitaxial growth of 
tho IrtP system se m i- co nductor to silicon. 

[0249] Furthermore, the WSI component 1320 is being connected to the wiring substrate 1322 
made from silicon by the solder bump 1321. In addition to the rnurtilaycr-^ter connection layer 
the channel for cooling the WSI component 1320 is formed in the wiring substrate 1322 made ' 
from silicon of anisotropic etching. 

[0250] The wiring substrate 1322 is connected to the multilayer ceramics wiring substrate 1324 
by TAB 1323. and the wiring substrate 1324 is connected to the wirrtg substrate 1324 of other 
WSI components 1320. or the multilayer ceramic wiring substrate 1326. Closure immobilization of 
a frame 1325 and the cap 1 328 is carried out at the wkvtg substrate 1 326. 
[0251] The clock signal which the clock generator 1001 generated is supplied to the optical 
t^rtsmrtUrig means 3 which consists of OEIC1330 of an InP system through the I/O pin 1333 
10252] It is outputted from OEIC1330. and an optical clock signal spreads an optical transmission 
hne 1005. and is supplied to the predetermined WSI component 1320. 

[0253] An optical transmission tine 1005 has the WSI component 1320 of the glass cap 1328 and 
two or more [ 1322 or ] wiring substrates, and is constituted. 

[0254] The drive circuit is formed on the same substrate, and the closure is carried out with a 
package 1331 and cap 1328. and it serves as for example, a field luminescence laser diode at 
OE1C1330 with tho configuration cooled with a radiation fin 1332. 

[0255] In addition, since there is transparency about the wiring substrate 1322 of the 

WSI component 1320 made from silicon and the product made from silicon, in consideration of 
the band gap of silicon, the wavelength of an optical clock signal is set up more than 1.0 
(micrometer). [ clock signal / optical ] 

[0256] A reference signal is supplied to the WSI component 1320 via electric 
INT AKONEKUSHON 1008. 

[0257] Electric INTAKONEKUSHON 1008 has the I/O pin 1327. the wiring substrates 1326 and 
1324. TAB 1323. the wiring substrate 1322. and the solder bump 1321. and is constituted 
[0258] The clock signal by which phase adjustment was carried out based on the reference 
signal is supplied to the distribution place 1015 in the WSI component 1320. 
[0259] Therefore, according to **** 1 1 example, in the large-scale and the quantity 
a ccumu lation processor which carried out stack mounting of the WSI component 1320. the ultra 
high-speed clock signal with which the phase was equal to the predetermined held inside the 
predetermined WSI component 1320 can be supplied. 

[0260] Drawing 22 is the perspective view of the structure of the processor which applied the 
clock signal feeder of the 12th example concerning this invention. 

[0261] In this example, a processor also has the WSI component 1340 and is constituted 
[0262J It is divided into the circuit formed on the WSI component 1 340 at **** shown by the 
dotted line in drawing 22 . and two or more macro calls. This macro cell is equivalent to the 
distribution light 1009 of the clock signal in the 4th example. 

[0263] Optical reception and the phase adjustment circuit 1343 are formed in each macro cell 
[0264] The multilayeiHnterccrwection layer 1341 is formed in tho front face of the WSI 
component 1340. and the optical waveguide wiring 1342 is further formed on it 
[0265] The optical clock signal 1344 branches with the optical waveguide wiring 1342. and is led 
to optical reception and the phase adjustment circuit 1343. 

[0266] The through tube is formed and although incidence is carried out to a circuit in order 
that the synchrotron orbital radiation which leaks from the optical waveguide wiring 1342 to 
parts other than a through tube may protect, the black mask film is formed in a part of wiring 
layer 1341 of the front face of optical reception and the phase adjustment circuit 1343 as an 
optical isolation means. 

[0267] a reference signal — a wring layer 1341 — optical reception and a phase — a stroke — 
a crcut 1343 is supplied The clock signal by which phase adjustment was carried out in optical 
reception and the phase adjustment circuit 1343 is distributed to the allocation place 1015 in a 
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macro cell through a wiring layer 1341. 

[0268] Therefore, according to **** 12 example, the ultra high-speed clock signal which has a 
phase in predetermined can be distributed to the interior of the macro cell of the WSI 
component 1340. 

[0269] As mentioned above, although this invention was explained with reference to the drawing, 
the summary becomes possible ( supplying the ultra high-speed clock signal with which the 
phase gathered at a distribution place ] by those with **. and this invention supplying the 
frequency information on a clock signal by light, and supplying the topology of a clock signal with 
the electrical and electric equipment 

[0270] If it is the example which consists of requirements for a configuration with which this 

summary is filled it is not restricted to the above-mentioned example to a word 

[0271] 

[Effect of the Invention] The requirements for this invention are in arrangement of optical 
waveguide wiring to a semiconductor chip and a wiring substrate. It is effective also to a printed 
circuit board besides a silicon substrate, a multilayer ceramics substrate, etc. as a wiring 
substrate. A cc or ding to the purpose of use. as an optical waveguide ingredient it can choose 
from poryimide. glass, a semi-conductor, etc.. and guided wave structure and the mode can be 
designed. Moreover, although optical waveguide wiring was formed ri the front face of a wiring 
substrate in the example, optical waveguide wiring can be prepared also by approaches, such as 
an approach of carrying the optical waveguide substrate manufactured separately from a wiring 
substrate on a wiring substrate, printing, and formation. 

[0272] Since the frequency bandwidth of an optical connecting means is very wide compared 
with an electrical connection means, the clock signal exceeding 1GHz can be supplied. 
Furthermore, since the propagation delay time of an electrical connection means is easily 
controllable by the optical connecting means, it can supply a clock signal without a phase shift 
with a phase reference signal. 



[Translation done.] 
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* NOTICES • 

JPO rod NCI PI are not responsible for any 
teste* caused try the use of this tr ens I at ion. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 In the drawings, any words ar B not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The sectional view of the 1st example of this invention. 
[Drawing 2] The **** Fig of the A-A line of drawing 1 . 
[ Drawin g 3} Drawing of the manufacture process of a semiconductor device. 
[ Drawin g 4] Drawing of the structure of optical waveguide wiring. 

(Drawing 5} Drawing showing branching or the deviation approach of optical waveguide wiring 
( Drawin g 6] Drawing showing the configuration of a mirror required for the optical connection 
between a wiring substrate and a semiconductor chip. 
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Ml 2 5 4*:ff;/&T£ 0 

[ 0 0 7 8 ] :>c*c, *mi<Dytmr£$$SB&& * n * * fl io 
^«»CC as L fc 0fl * S 8 <fc 0 9 «c J: 0 T £ . 

i"J 3>E«»«2 0 i27;^ XESM 2 0 7 

&*&y-r*sr h2 1 0^6JSS*^y^r-^tc^S3ti 
r*j*5. S i - o n - S i ^a-^4»ffiltc>5. 
^£{$^2 0 0 BEMS1E2 0 5 CC-^T ? ^-CflNR 

[-0 07 9] 3£i»tKft^2 0 0 COS, L S 1 @SS<h i 4> 
£363(113882 0 1 y > v *lC7&?£3ttt<r>5>. 20 

4^{*^2 0 0ti, $B9^>7*2 0 2{cJ;-3ti2lll 

«2 0 5ec»»snr^s. ie^ss2 o 5cc$^. #y 

v-jfea»jgiBE»2 0 3 <b . Cu/#'J^ F^JBEtS 
!82 0 4«Stirc^. jfcW«KE«2 0 3tt* * 

o 2 0M<o^^-"^ccsftW6tirc»*©r. 

¥s?i«R^ 2 0 0 eh 2 0 4 * C 

<fc&«rtr>. ESUI2 0 4(t TAB2 0 64/M"CA7 
W HS-fe9 5**E«S«2 0 7fC«ift3*rCl>£. 12 
SSS2 0 7«cttAttJ*tf>2 0 8JtfffiftS4VCl>S. 
^WflSH^OOtt. *»fl*-;t^^2 10O*B2 30 

»J/t4 r 7h2 10 1 7 1/-A2 Hfc±^ESS1E2 

o 7 6cjr-Drf*ihsnri*s. 

CO 0 8 0 1 *ca v *flHHR3 0 O*»6362Ht0!B*ti 
rffl»Sftfc*^o * ^7^30 2iC<£ 

o~r_blE^v^-^CC^n. 7*/U-;l/2 1 3CCiRtf> 
hfttcyt? 7 A ^2 1 2£X3KSg8Eai2 0 3 4^0t 
&^SH*X-?-2 0 0 ©#S«ia» 2 0 1 (CUtteS tii. 
tfSffleISS 2 0 1 t^> '/ 3 >SM£SI** : F- 2 0 0 CCjgfiS 

^^87x;^2 13IJ. ESUB2 0 3 

ft^fia^tasnL/cf^ 7i/-A2i4(c«±issn 
E»*«;tr*s9. 7u§fs05S2 0 1 w:»jsr^a^£ 

(3 6 r^-</cJ:^&5 x.ti^. 

B. HBR©»iEjte«:«ffittttH- t r e eJ^WT 

2 0 occ»Lr«aia{4tacctc-s. 

[008 1111 0 «*»Wfl5»33gSSWO*»««!B 50 
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tSTBI-Cft*. a»<D*5»(*^,r7 r 2 iaE»S1R2 

2 cc 7 y 7> v y'm£tc nn^ ( c c -cte»ffif*«: 

I^ltl^v) . ifc»&ffiES&2 3te*S{*ra<D*^ 

BEtS 2 3 i$flgI[5ISS2 4££fl><;*«.«SiT.-Cl>S. SI 
1S(5|8S2 4ttS/'i3>EHBS2 2tc#fiSS*iT:i,»5. 
[0 0 8 2] *m3HJ56t«5Cj:ti«. #«|** v 7*2 1 

2§»^-y^2 l«c*«ftHBB*»W5Ci«cj:0, 

[0 0 8 3] £i±OHJS««c*s^r*»f*^ ^^iEffl 
««CC»T4*«KSS8E«OEa[*i*«-C*or. E*£ 

Set*. «fflBW«ccet:r, jB»«a*W<2:bt:«^tf# 
[oo84]hi 4mjfeffl<D2v v ^fs-^ey^^ 

[0 0 8 5]$*ta«t sr ^^TS^O 

loio, ^ o * *iasi^ iooi ^eaffits^ 

Sl 0 1 0{C^P^(I^Mt^^^3^^> 
3^ 1 0 2 2, flLfflHS«cfflt^a»«-**^o^^S 

#7*> e» smm^^ss 1006, smft-^ss 

S 1 0 0 6 *>e>{4ffilBS!S 10 10 icS^ff-^^^T 
S*»-f >*n*^*>a> 1 0 0 8 4Sir«fiS3h 

[0 0 8 6] * a * *ft#fe j: tfOTflreeaeft i o 
0 9«. ffitaiHSSi o i o«it, (itgia^sn/c^D 

^^ffi-9*T140»E5fel 0 1 5«C«J&"TS»ES1 0 

utmir^s. 36cc, *-f>*3*^^3>io 

0 2 «. ^Sffg 1 0 0 3. ^SitS 1 0 0 4fc J:CXt6 

£S3§i 005 **Lr«j*snn*s. 

[0 0 8 7 ] *lfS 1 0 0 3», ZUv 1 0 

[0 0 8 8] 5feSflS1 0 0 4«, **a^^(l-*t* 
[0 0 8 9] TtfiSK 1 0 0 5 {J, TfeiUff S 1 0 03^ 

[0 0 9 0] TtiSflS 1 00 311, Wxtf. U-lf ¥4 



(9) 

15 

(oo9i) ^a-; #££ffigi o o i a>eaj;fr£*i?cS 
19 9 1 *P#Ttj ecEttOJ:^cc. u-if*»©SttaW 
[0 0 9 2] #*»»! 0 0 4tt. h:*W 
(0 0 9 3] 5rie5fe 1 0 0 9 CCfe^r, 3fe*«S 1 0 0 

C0 0 9 4] — Agic. ^fts 1003 ccfcws rmm 
/*Kftj . * «fctf . ^ft^ i o o 4cc*jws r*/ 
mm^&j « % i o o gh zJa±ojg«5Sw««:rtftt 

[0 09 5 ] 7fej£(f s 1003 cwtmrtB. *e 

1 0 0 5<D£&llt&. ttefltifc. *M£S^*^lg 20 
vflf-sttfftSfiSl 0 0 4Cce»&3h4J:5tt«cR 
(0 0 9 6 1 #{5*36 1 0 0 5 4Sttt«3»3i«S *l 

ft*. 

(0 0 9 7 ] 009(C*jrP»m* 30 

1&?Ztc&>. 3feESS1 0 0 5tt. *»*s**^r« 
fiXSft*. 

(0 0 9 8 ] 3BW6SB, WLKX*-:/*?^ ^9 

ft*. C<D%&, ^f^*ift^©7fe^ n v tm^tK it 
SMI 0 0 4«l«|ftSn*J:5«:, »S3fel 0 0 9(D 

tkccje c T3e^«s©«teS3Wtee s ft *■ 

[0 09 9 ] *fc. *e5»»l 0 0 5Oe**«tttt* 
E«8B«KflS?U W*tf#:7 r -Y/<r« 1 T (Hz • 40 

otii, +#&«£* 4. 

(0100] g^fl-sf £sSS 1 0 06B. * a *££ig 

si 00 i^6ett&3ft-5^oy^ff#«itirj#, m 
go^3^^'> 3 >io 0 8 0A8afc4ffttfBft4>SB 

[0101] «fB8^2 - 1 6 8 3 0 8-9fi8W 

tCE«©*tt£HWKc. 7 « * ^7 o » 10 0 7 

tSB Lfcutf. «&<D#I25<c 1 0 0 9 «CSiSS-94«.t& 50 
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T*rc#>. £Klt%d(3 1 0 0 6 «f 7 7 > 7 ■) h 4 
«WXH*L»5Ui^ v 7 TUB *fflx.r»JiS 01*1*5 

(0102] -{ >^3^^y 3 > 1 00 8 r { i, H£S 
^ft*Cj£CriM!RSft. W^tfHIW^r-^. 7'';>h 
ESUS1E. «2^^S«Sfi. *H'<>?*»»S*JS 

^ft *o #iaiw«c«iai©^'y7 p i#eii icw*iBfei 

0 0 9CC»|£U jH6i««<D-f >*3*^^3> 1 0 0 
5, 1 0 0 8BEHS1E2 m 1 ) ficSS*««16« % 

(0103] mm&TZft&lt 1 0 09 6CflLfflO«o 
?t«Wt#*fltt&r «^«WH^2 - 1 6 8 3 

0 8 ^fttRU SP5184027, 5043596 CClB 

^^> 3 > 1 0 0 8 OdltiBS^HIfrMHi U #125^ 1 

(0 10 4] — tetc, H-0^3^^^3> 1008 
<Dgj»!F«Htt. &GHz ■ mtfBOT-C****. S^fs 
#<DJSifi3BcB. ^3^^->3>1 0 08 CDmiS 

Brt T- * S or MBtt *t ^ . 

(0105] fitgisssi 0 1 ob. «su 

^ 3 >1 0 0 8*6«J&Sft3SW#iC»-3*. 
ffS 1 0 0 4^688SS4^a ^ ^*^©i4««rSBST 

(0106] {4tBi^s^&<t utij. *p y zmmtt, 

5. Wx.«, *?BJ¥2 - 1 6 8 3 0 8^fflUSP5 1 
84027. USP5043596 CClSig^ ft"Cl*5^ 
tttfflO^ntfai^ COii^. fittBIHSEB 1 0 1 0 (±. 
>^3*^^>3> 1 0 0 2fr*>2Viv ^ft#©«» 

*st^s"5iffia3ssi 0 1 2 m^-o^n^^^n 
> 1 0 0 8*6^sn*wfli^K)fi»B«:»ur % "5j 
^isi 0 1 2?&aaurfit^3ft5^n^^fi^(o 

{ata^^$fcBiSft€:1*taT5{4+BJ:t*Sgl 0 1 1 
<h. (atB©iS^*rcBilftiC*-5C>rBlXilSSl 0 1 
2©jKB9n*»J»"r4iS3iWI»ei 0 1 3^1/tffl 
tfc£ft£o 

(0 10 7] ffiffiltlASl 0 1 IB, 0Utf2©NOR 
lsIK*WLr»JKSft5. 

[0108] SiHii^o^iic^or , Tfe^fts 1 0 0 

4/0>e>DJKiliSS 10 12 cfcO'^iES 10 14 ^gfi 
Lt. (4tahhl2Sl 0 1 1 «C7 -r - K^< v ^StiSi^a 

Lr^-f U^U^/cBa-U^il/COfl-^^^^^^riSS*? 
8PS1 0 1 3CCtB*-r*. 
(0109] Dj^igilSl 0 1 3CC[±S^f 4. 



CIO) 



[0110] ^J3£ili£^ 1012ii. W!;itf£S£i§SP$ 
naoat -5 ff-^-^S % o SCD -tz U d7 5r @ Sg * w 

(0 1 1 1 : a>d>£fi#s§S&Cll MSjIhI 

jSWIIBSl 0 1 3'^J:^r»i?ti£ 9 
[ 0 1 1 2 ] * U * *lsl3M>aS* l»*«»©EW9IB 

(0113] jBS*i|0S 1013B, WxK7 v 

CO 1 1 4] ttfflttRSl 0 1 l«c*5l^r, ^n^ff 

u^;ucco, iSicanrcvSti^cti tttft^. 

CO 1 15] 7?W>^>^ U^JWO^* 

;WD^;u* lI«co* 1 tctfiiVlsY #0 >T*>, 20 
CO 1 1 6] 2it«*^>^6CfcW-5S*?fOa*»^ 
*. §<*aJ^ilS^l 0 1 2©^U**@»0*&«:A 

C 0 1 1 7 ] s-fe u ip £iaBr&i jsjiWfi r 1 j o 

CO 1 l 8 ] c<DJz*?%:fflfflic£K)* ?a??m^<D<iL 
IB*. ^fM©tttBK*frttfttfJ:u>. 

C 0 1 1 9 ] #£2£ 101411 GtfgiSSS^ lOlOtC 
<fcor«iEStifc^a^^«*«r»Ejtl 0 1 5K«*& 30 

l, a*<o^*fflMMofc«fi«c(atBttRs 1 0 1 1 

CO 1 2 0 ] ^1 0 1 4H m*.\*&jl'iy7rM 

C i«c i orW£OHSS8»4tt«*WrS * P 9 
CO 1 2 1 ] 943OM0?ci9*<t*^»KJ:ft 

-/:/*3**i/a> 1 0 0 2CCcfc-?T3rE5fcl 0 
0 9«c«*es*iS. — 75\ Smft-^fiSSl 0 0 6CCJ: 

^*^s/g>ioo 8^ur^S5ti 0 0 gtcews 

C0122]*Lt. #iE7fcl 0 0 9CCfcC»r«|x.6*a 
roSttlBSBff S 1 0 1 0 <,C£ 0 . £ P v *S^<D{4IB 
11 ^ff^cDGtfBifiS^n*. 

CO 1 2 3 ] COcfc msmmtitc^o ?9f&^ 
H 10 14 £tf*Lr. T{iCD^lS$t 10 15KI 50 
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[0124]:fc-f>*:3*^>3>l 0 0 2 cojlifi^^ 

Will *««Cl£C*fc«). lfct(7)^>^^^y 3 

>0«««W*MB*«*5 ? n v i7ff-^^^s£ 10 0 9 

CO 1 2 5 ] l^>^^y 3 >l 0 0 811 Sfc-f 
>*Z3**S/ 3 >1002 ii:t?5Lrff^-r a lco{itg|S^ 

0 1 occfla&rscttfr**. 
C 0 1 2 6 ] Ttti>%, * p ? *ff^©{£*B**8JKa< 

CO 1 2 7 ] L/bWot, *Hj56W«cJ:n«, fflSKSfr 
-3**»-©/hStt*P 9*«-**#ESkl 0 1 5 «c« 

[0128] ac«C. JB4JOfiW«cr^Ufc^P » 

^sacc*stt£jfc&ff8 1003 fciwsfesaa 1 o 
o 4*coi>rt&0JiTS. 

CO 1 2 9 ] 0 1 2cc, jR5*H«r*i^a3r ^d-^ 

efetegacO^Ufgl 0 0 3<D*9jS£^T 0 *2BS0iCC 
**S*aiH1 0 0 3lt — 99 A*- Fl 0 2 
0. *C0lB«iiS102L U— V#4*~ F 1 0 2 0 

22. fcictt^n ^i^d^IIK-Sicm 
S*dtfj»lffll8 1 0 2 3£WOT*9/?£Sft£., 
CO 1 30] U-1f*-f*— Fl 0 2 0lt ^aKfcJlHF- 

CO 1 3 1 ] u— tf*-f*-F 1 0 2 0£LT. 04x1* 

C 0 1 3 2 ] SKS&IslSS 1 0 2 1 £ Lt, jg*n<Z*JflM -/ 

C 0 1 3 3 ] HJWhISS 102 1». * o 9 1 0 

0 1 a>e>2fe£Lfc*m*p * *fi-^* u-tf^tsm^K 

— 9 #4*- f 1 0 2 occ&vrs. aasE«ffi"CB. 

1 0GHzaK^emmti^w&ft&^ sstcw* 

US «: JC Cf fc ^ ^-^CC . fl&OJJBab*© ftffl I » *i {*HC * . 
C 0 1 3 4 ] %WffiS 1012i iru. #1**1 1 T 
H z ^OiM»««*Wr 4J3»Oilff 

*tf ai*. ^^ittMSB. *±»F-5 r * 
77^' (iJUC«)A*©*±JlBcSR*F-t>yLfc 

co 1 3 5 ] i»#a*«j»«. aeaijKtcflc??rs. asm 
«£co<a«, u— jfy-r *- f 1 0 2 o<o*tu^. 
K1005 <Dm&L> *§(t s 1004 (o^mmsM^ 

JgltaS^^ 0 0 4«C»T4*1H*# 

^ST Sia^tCB. 3K*9<SS 1 0 2 2 SrjteiJiH 1 0 0 
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C 0 1 3 6 ] * /cjfeffi^Sd-SS 10L3tt. -Wx.« h 7 

CO 1 3 7 ] *a*Wffl51 0 1 3«. U-tf^-f;*- 
K 1 0 2 0 i, 1 0 2 2CD7t£fi^O— 

F 1 0 2 0 £5fr(MH31 0 2 2 0lBth«ft£mP 

[0138] cnccj:«3, 3fe^nt7^e-#Ojg««3&s— 
5E«HSfcftS©r, jfegftSl 0 0 4K<£oT^S(CtE 

SSI 0 2 1 t, 0 2 2CCcfc-or, **a** 

c o i 4 o ] j^nnas io22(a^r, A^m^fe 
T^ftsi o o 4cc«i&r*s. 

[0 141] t/c. Is-WJ*- F 1 0 2 0£*IJI»I 20 
«Str B«r S c i cc J: 0 SHI Tfeffl^ *HWffl 3 ^ 

[0142]? ^»{C, :fc£;W$J2§ 1 0 2 3 K J: 0 , * 

ft ^i^flx 7^4C^Cii^U 0 
[ 0 1 4 3 ] m 1 3 tt, * a 9 *«*fl8&«aB*3<W6S 
<f£i 0 0 4col*&iar&£. 
C o l 4 4 ] «Btflnt TfcSfIS I 0 04li, 
o^lt4*ll|-r5 7^ hf^f^^l 0 3 l % -£CD 
IEMIsBS 1 0 3 2, tfUv zm'&BticttT £ ^igtiiiBS 30 
1 0 3 3, «#3SBJH»1 0 34*WLT«fiJE3tlS. 
[0145]7*Ff^f^^l031 ctCTte, Wx. 

[0 1 46] y* h^-faf-Kecii, pinS7th^ 

(0 1 4 7 ] H 1 2«CTttMLfcJ:^CC. S 
i^t h#-f*-K<J:9fc> »iS*«SSttp in7^ 40 

[0148] ggJt&EelSS 1 0 3 2 4> 7 * h *W K(Ci2 

Lfc*^ a * ft r«feT S3tflrat*i« tot £ 

[0149]7*F $ 4-%— KOJg^SS. EPfllME, 
lEHllslSg 10 3 2 OSilfitiiflt, ^ p v ^gjg&CCjtf 

[o i 5 o ] p i ns^ h^*- KrtJ, a 



«fBB¥6 - 1 3 2 5 1 6 
20 

4 f- ? Z 1 0 3 1 K*tT *7fc£2£83 1 0 0 5 <Z>Sfc»#-e 
Mff *±W . SEIdlslSS 1 0 3 2 cDtf*s^r±lf 

[0151] Slloliagl 0 3 3«. {ttLtf'O F'<X 

[0152] i'D^ffSaj:!), 
sector. *^-yP^ft#<Dm^^+^#t^^cc 

[0153] H^ta»IS 1 03 4B, 1 0 3 

3zm&Lxztcmw}®$% i o 3 2(oiht}m^m^<D 

[0154] *S6SQSJS«cJ:ft«, /J^froffl-ffifc? 

4- Ff^ i o 3 3 i ccj:^r, yt?vv4>m^£ 

[0155] jftSHSl 0 0 4tt, flfifcl 0 0 9<D§ 

[0156] fgSiiS 1 03 2 &<raatSiJ9 1 0 3 4CC J: 
~>T, 7* h-^-r -f-^^ 1 0 3 l*s«fefflLfc36«j«%*. 

[0157] ^tgjS&gl 0 3 3it #tiJ«SS©y-f X 
*»4rsor, ^S25fel 0 0 9CC>ftLrff«A< i'P 
* 4 C 4a»r# S. 

[0158] *5JOMfeJ:BWB3eitM 

T\ 1 DGHz«J<DlBI»)^P7^OTt8BM , 4 
[ 0 1 5 9 3 HI 4CC. *«M©»7WS««5t-r. 

[0160] jWBOirp » *fs#6ysss 

7*n -is v v-comwm&m&Trtz nr us. 
[oi6i] ccr^P-fe^-^iti, »f£©f3-^»a* 

[0162] *3BSS«(O^P-b vtm, «KO¥«flc% 

[ 0 1 6 3 3 m 1 4U, fOHOl OOD-t^A-ZU* 

[0 16 4] i/c. CcOJ^fr^a-tr^im. 
-f >7 u-ACcrtiBc^t^ti5. Si 4ccki>r % 

SHSO****^ 1 101. ES 
Sfil 1 0 3. 110 SAjJ:^*^^^^^ H 10? 

[0165] lsi mmfi&gLzt\tt$m»tt 1 1 o 

1. mm'OVl 1 0 2 (#--rU»©J:^tt»/btt^H 
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s *;m*4£9Ja>*«kT*s) -fe^s **e»»1Ri l 

[0166] iESS g 1 1 0 3 £ + r * 7* 1 1 0 4 ~r W 
Or«lfiES*iS'**$ r --S'tl 4^EB^>?"1 1 0 5CC<£ 
ot. h^i^Jl-E^ = **S3£S : K 1 1 0 6 CCS 

A£B^t:>l 1 0 7 51 &JSy'V > H3»Sfi«:lSRc 10 

[0167] ^SttS^ lioi <D&mc\*. c crii 
Tk^^^tSfflLTi^,, 7^^^^-^ hill 0«7k 
HI 1 1 1 i. <d-X1 10 9CC*€ri?LTCiCCJ: 

0 . ffl^^ * > 1 10 8 %frL-C¥&&m+ 1 1 0 1 £ 

7£$Hs + Tv hill 0i7l/-A 1112 
H y ^^ESSffil 1 0 6CC£f±@S£fr 

[0168] *?S^i-<5r y H 1 10, ^D-Xl 1 0 
9WC^7U-A1 1 12(1 Wx^n^'-Jl^^^r 20 
£>D, fltffc7-f>l 10 841 «*tf»tTJl/2«r* 
S. 

[0169] 5rffi5fel 0 0 9 r A S*a«*-t^* -JU 
H 7* h*V*-F 1 1 2 0i*»(** : fl 122^: 

?rur*/sssn4*ft«si o 0 4t. ^ttSR^i 1 
2 2*>6*ii«stisttffi5iBBsi o i o^ixenr^ 

[0170] p i nIInGaAsS7*h^t-F 

1 12 0^ ^m^^y'l 12 1(CJ:^r, GaAslfc 
^aSttSR-T-i i 2 2CC7 y sr^^^»«stirc*s. 30 

3N£f*5£^l 1 2 2H Affi^f>l 1 2 6*^OtE 

SS«i i o 6cc«a»stir*. 

[0171)7* h*V*-K 1 1 20±**fl*f-l 
12 2tt. 112 3. 7 U-A 1125, 

v7l 1 2 4£WUT«/&£ft£^**-^K£lLb 

[0 17 2] a', ir-2/H j»e«^D * 5 1 12 7 
i. pJcftS/*** hill 0%/TLri£Sl3tiS. 

[0173] *3£ffSI 1 0 0 3*>6U*Stlfc. CTxtf 
Se* 1 .3 (am) (DXZav *{f-S|tl *S£S§ 1 0 40 

0 s*m&Lx % *§ftgi o o 4r*>£-7* h 

— F 1 1 2 0CC«*SS*iS. *£i*5§l 0 0 511 *? 
T-f'<l 1 3 0, 1 13 3, 7*'JXA1 13 5 4 U>X 

1 1 3 6£WL,rfit/S£ta£. 

[0174] ESI 2 5 ym(Dy>^- K*7 r A 
/<1 1 3 0«. Ml 13 liCiotSiSntte^ 

jaacc^^^^-y^jsEsao^*^^ 1 1 3 2£<ix.r 

[01751*3*^*113211 77X?-;^S 
©H2 7^^;H 13 45C, K^f >£ffifflOT}££$ 50 
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ft*. 

[0176] ^7^iH13 41*30*7 7^^1 1 

A113 5KcfcoT. -e<D*5S^^$n. 7 1/-A1 
1 1 2CC£tji^)^5ftfc5S>tf7* U>X1 1 3 6<-C.£?J 
S*5n. ^t-;7'l 12 ^^mhLXV * h £'-f*- 
K 1 1 2 0<DS*ffi«:A»-rS. 
[0177] U-b^^H 134i7''JXAl 135 
H *W-&tf*tf«Cofc». 7U-A1 1 12JCBSS 

[0178)7^ Fl 1 2 0 3&q*fflLte*«: 

iO«^bfciE«Stt, *»»#^1 1 2 2 6C#JSESti 
fc*Sfigi 0 0 4«cJ:-3T««*i3 * **-5*Ccgaft3 
ft£. ^*n-y*{f#H 15]— o****^ 1 1 2 2 
CC»«SftTl,>5ffifflSHSSl o i o«cB«&sns. 

[o i7 9i-*. mmm-z&Lfcgi ooe^ea^s 
nfc{4tasme#ti ^w>£3*^ 3 >i oo 8 

*«*UrsNH*3R-Fl 1 2 2*C«3&i*ft£. ISJfW > 
*=2*^-> 3 > 1 0 0 8H l^-7';l/i7'J> hid 
«8S«. Affl* tr> 110 7, ESS« 1106, Affi 
#t:>l 1 2 6£WLTtS/iX;3nS 9 

[oi8o] «sw>*3**^3> i o o 8©e»ii 

^iBfleSR^l 1 2 2CC»ur*0<ttSJ:C»K:»SSh 
[0181] ^SWt*^ 1122 CD&tgiEilg 1010 

[0182] flrtfflHKStifc^o v*«#tl #SBS1 

o i 4ecj:- 3 r*fflsn/c^ta*p ? *m-9i*s. 

ffi*a?*ff-*»ll Affi*tf>l 12 6, E»S«1 1 
0 6, 1 1 0 3^Ut, TffiO^S25fel 0 1 5r&S 
aacr>*«*3R^l 1 0 ltC#te3tiS. 
[0183] #317 JOtWCC ihK. #E5fc 1 0 0 9 V 

rj:< . *SffS 1 0 0 4 ifi+giaigg 10 10 ^rfigx./c 
«fiS*S83BT*5. T^tD^, ^UjltWt^l 1 2 2CC{1 
*.6*i/ctBffiHfiEiS 1 0 1 0 4C«, *{q£& 10 0 5 

(*7 7 -T^'l 13 0. U>X1 1 3 6^) *J«fcCf*S 
fig 1 0 0 4 ( 7 * h #A K 1 1 2 0 <t*«f**T- 
1122) ta^L-C^OaF^fllWflttftStl, Sifff 
^^fiSS 1 0 0 6 *>6«SU >*=!**£✓ 3 > 1 0 0 8 

(EMS1 10 6, Affl*f> 1126*) 

[0184] *fc. (itSI^SSl 0 1 0tcJ:^rPS$ 
txtcWv *fi^ti, ^HSR^F- 1 1 2 2±«:»W8ti 
rt»4*IE»l 0 1 4 <b!5SlS1£l 0 6«8ftUtT 
fico^se^ 10 15 r *4 Ifflft©***** hoik 

[0i85]coJ:^cLr, 



(13) 



23 



[0186] ^JBT^EiSWCcrUilBLte^P-fev^ffl 
t». l*5H=- 1110 1 «B*8ttflE3«SC i 

[0187]H15tt. **Wca^53*8*SaWTC>* 

r«fc£. * 7 *ie« ^lS5fel 0 0 9T*>£¥ 

Wft*:£'&--JUCCi$l,>r. — flOOE 1 C (Cptoelectr 
onic Integrated Circuir) 1 1 4 OftSjKSffS 1 0 0 4 10 

fcjctftitBHsei o i o*fMa«*/cus. 

[0188] GaAsSOElCl 1 4 0«l(t MSM 
(Metal -semi conductor-Metal) * Y # 4 K 1 
1 4 1 iFETtWU-CHWEShSflt^FHBI^ea** 
S(1S1 0 04 £, |5lG<FET?: ; firM^^I 
^H*>60:S{4«8HSB 10 10^ HI— S«±cc» 

[0189] OE1C1 140(t 110 1 

7^>i io 8%^Lri*ai3firc»s. 20 

[0190] SX. jfeSMtSl 0 03*6a*Stifti. 
«sLI*Sft*0-8 (Mm) O^Py^Sflt t£S* 
K1 00 5 ^gfiLt, 7 * h y^^*- K 1 1 4 1 CCA 

[0191] jtefiMB 1 0 0 5 |i % *7t^a'1 143 
isJ:tfU>Xl 14 2^WbtM5titl,^ 9 
[0192]*7r-f^l 14311 110 6 

^SilT^7*;u-;n l 4 4«cHfe*n:c>£. 

Y^l 1 4 3 <hU>Xl 14 2. te<£c7\ U>X1 1 4 
2i7*h^Yt-Fl 14 l©36«tei*i*, S-*¥ffl 30 
^>7'1 1 02. 1 1 0 5dDtJl/777^> hffMSK 

CO 1 9 3] o*0. Sa*fflOS®55^«:j:oT*ffl 

iES ft* c<fc W777^>KWiG 

[0194] HSOt^tCl^. ^a-Jld«RSh 

U > h EERSIEtCU:. AtH^J f>l 107i7 40 

i;i/-jn 1 4 4c7)a^>7 ^*5-en-eti(B^.6ti-c4d 

[0195] S2ftfi#t2. SifLfi^tUSS 1 00 6^6 
IM-/>^3^^7y 3 > 1 0 0 8 4»ftlTOE I C 1 
1 4 OCCfitt&Sft*. lIY>^3^^i/ 3 >iO08 

tt. flMS^r-^iUi^y>hieaaiE. Affi*fcr>i i 
07. ESIfil 106. ^07"! 102, 110 
5£?TLTt*&£ft£. 

[0196] mwmmcmi^T:. o e i c i 1 4 0 «c 50 
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iffiSBSfi 110 6, 1103 ^ir, TfitWrffiSfc 

1 0 1 Dt^osa^s^t 1 1 0 1 ecsa&sfi 

[0197] *W8 JBWWSCJChK, Tfe^flS 1004 
*«fcO<ffitBlHS5Sl 0 1 0#. OE I C 1 1 4 0 from 

^^scjaasft-cfco. esfi©*es'0 7"i 10 
2. 1 1 0 B-cccfc^-c, leasts 1 1 0 3. 1 1 0 6 (C 

»»t»8jw#e>ft5. 

[01981OEIC1140 oatawsES 1 0 1 0 CC 
te. t££5*&§1 0 0 5 (*7 7 -f^l 14 3«) 
Tfegff 2s 1 0 0 4 <#|Bfr6WCtt 4 O E I C 1 1 4 0 ) 
tMLt**D^ fs^tffftJS 3 ft S. 

[0199] mmmmz, ia-/>^3^^y 3 >io 

0 8 (SJKStR 1 1 0 6. 1 1 0 3, 3£ffl'<>^ 1 1 0 
5, 1 1 0 2f) £tf&ortiBHBEBl 0 1 0(C^ 

[0200] ttfflassi o i otcfc^rasshte^ 

*lf-*fte. 5*ffigl 0 1 4CCj:or»E5fel 0 1 5 

[0 2 0 1] »73USW"C«, tttamss 1 0 1 0<D*£ 

U-A 1 1 2 l<£>3fflg&c 

ienr^/c^, #»8iij6«i"CB:, gfgofflatcsa 

[0 2 0 2]OEIC11405i. ij£SM*SR^ 110 1 

aUTl'i. $/c. *ffl^>:7'l 1 0 2. 1 1 0 5<£>-tr 
Jl^T^*>hfWBCCj:»h TtS^SSl 0 05(1:7^ 
*- K 1 14 1 <bO«Ji^7e?*^^^«I«T 

[0 2 0 3 ] *.fc, 3B7HieffilCC*5WajfteW»aiCCtt 

sa^a< oEiciHo *&aJT3 c t#usnt 
as. 

[0204] aieii. **ea«c*^s»9iisswio^ 

[0 2 0 5] *Htt«fl!)^ D -fe y * 7 USSR « 
CCT^< . ig&OS i - o n - S i -JlZ^LX 
[0 20 6 ] Si-on-Si^ y'J3>l}LS I * 

(0 2 0 7 ] H 1 6CCfcL^r. Si-on-Si^a 
-Ji>tt. ?SSO^ y 3 >H4^*M4R-^ 1 2 0 0 fc JrO^> 
'J 33 >KiESSS 12 05*s, ^7; **bOSS« 1 2 

0 7, *»y+ir7 h l 2 i o tf urUiSJht^? 
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[0 2 0 3 ] ^ft^i 1 1 200(1 EKSC 1205 

1 2 0 0^. IBSSWcfctt S * D v * 
»f 1 0 0 9CCtB^TSCi<Cfc*. 
[0 2 0 9] 4^&S? 1 2 0 0 CC51 L S I InlSSi £ 

C0210] i 200(1 mm^^y'i 20 10 

2CCJ:^TESS«1 2 0 5CC»»Stin»4. 
C 0 2 1 1 ] ESSfi 1 2 0 5 CC(1 10 0 5 

S) ££«»3gESl 2 0 3 i, «flw>*3**fa 
> 1 0 0 8tJfeiCu/^«H ^ F^fflESSlJf 1 20 4 

^jssnrt^. jfeSvSKffiiS 1203(1 «i(l 

01 7CC4b-^T fe^nT Jr^CC, ^ffl'O^ 1 2 0 2 fiB© 

*^-xtct»*6ftrc»*fc». 4^f*is?- 1 2 0 0 & 

E-HUI 1 2 0 4 OSMKiC«jEB{i£ C c > 5 . 20 
[0212] IBSaS 1 2 0 4(1 TAB (Tape Automat 
ed Bonding) 1 2 0 6«:J:^t, A7^7;?XO 
ESRS& 1 2 0 7 «c«fcS ft. ttE»»E 1 2 0 7(1 
Athptls 1 2 0 8«CffiKSh-CU^. 

[0213] ¥m&m* 1200 (j, »7 . smnt 

BI«CC. + h 1 2 1 0O*SSl 2 1 1<C** 

[0214] 1 2 0 0(1 y h 1 

2 10. 7U-A1 2 1 4*5cfcD r SS&S® 1 2 0 7 (C J: 

or, Mjtsnrns. 30 

CO 2 1 5 ] y trmmt* jfcESBSl 00 5€:g 

*ur**ft-tt«»»*ai 20 ncea&sti*. # 
1 2 0 04c^$nrc^<or. s/'jaxo^F^t 

^*#fiLr. 1 (Mm) (U 

(0216] Tte^lS 1005(1 y *;u-;u 1203 

tc^^n/c*7 r-f^l212i t **«SiB« 1 2 0 
3£WOT«tfc£ft*. 

[02171^7$ ^^Si^xJU-iU 12 1 3(1 ESI 40 

4ccr^±@s^na. 

[02 18] 7 *;U-JU 12 13 1 8 

tc^-t^ic Eaisi 2 0 5(c»*itx7?>^(c 

cfc^rJBfiSL/cVSl 2 2 3%fflur, *77^H2 
1 2027 1 2 2 4 tjt&<m&mi 2 0 3*SB*U, 
±Z&t$Zi* Z> C t fe niter* S. 
[0219] tf^igSEIS 1 2 0 3(1 ^rSFJgKES 

snrci4*ft» • a««ssi 20 ncjt?a??m 

^£2g</c#. Wi«Hl 7fc7jVTJ:55Cjfc$3«81 2 50 
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2 0. jfcSS^fcgl 2 2 19*«*A:«lSiOrt>*. 

[0 2 2 0] ifc. ftiffifiSSEffi 1 2 0 3 <h:&§« ■ & 
tBSSfiS 1 2 0 1 (1 PR^I l 9 CC.^-r cfc 5 tc S v - 

1 2 2 2 5C<fc^r*a-&«:1f3J:'5«tt«:Wl/ri.»r ifi 

[0 2 2 1 ] aM??^'^^^^, PJk.^ 
^BB^>^ 1 2 0 2<D-te;U^r^ 4 A > H^fficc <fc o r 
frbft*. 

(0 2 2 2 ]"$r. SttWHl 
> 1 0 0 8 feSffib-cfltfiWEg 12 0 1 iC«J&Sft 

[0 22 3]«a-/>^3*^i/ 3 > 1 0 0 8(l AW 
^f>l 2 0 8, KltSffil 2 0 7, TAB 1 2 0 6. 

K*as i 2 0 4^witMsnr^5. 

[0 2 2 4] {atB#IHKSttfc* a v *{f-^(l 

2 0 OCDSffiOE^^/rOr. #zSft^-l 2 

0 0rtO»E»l 0 1 5CcefeftStt£. 

[0 2 2 5 ] *J39 3llttWc,fcfttl *7. 3S8H3g#J 
J: 0 $ 6 CCS® 5 ft fc**frfc ^ - A Cc 4d u r 

1 2 0 0 ©**B • frFBSHSS 12 0 1 CC(1 #S£S§ 
1 0 0 5 7^^1212. *3l?fiKE« 12 0 3 

g > 1 0 0 8 (EJHStE 1 2 0 7. E«JB 1204 

[0 2 2 6] «4tBSBB«<0^ o ? *fi^ll 3feSft * (4 

tsiBSsi 1201 frh^mtign* 1200 rt»©*jE56 

1 0 1 5lC«*&S*i*. 

[0 2 2 7 ] CCDct^CCLT. ^MCD4^($S^-1 2 0 

ft a ci#r* a. 

[0 2 2 8 ] 0 2 0(1 *J»lCe*>fr&&l 0^Sg£N(D 

[0 2 2 9 ]^i omjfcmcD-fa-kvmt. xmrncoo 
x/> * -x^-ju • ^>^f-^u-^>3> ( rws i j t 

ft>T^>) 3R-7-1 3 0 0 £W LTfSJ&Sft*. 
CO 2 3 0 ] WS I 3 0 Oil <-X 1 3 06, 

7U-A 1 3 0 3. 1 3 0 4, +ty^l310S:SL 

[0 2 3 1 ] WSI^1 3 0 0 ±OSSO^rS(iSCC 
(1 S4HjfeWC7nOfr*a v fff^<D^rE5fel 0 0 9 

[ 0 2 3 2 ] >SiW S I 1 3 0 0 CC« 4 lfi» 

fS^^fi • litgl^gg 13 0 1^. |Sj-Sfi_bK:^ 

$ntl^. WSI^1 3 0 0(1 TAB 1 3 0 2«C 
j:ot. AtB^f> 1 3 0 5{C§IShti^ 8 
[0 2 3 3] Cu-VS!^7i -^^SJ^-^ 1 3 0 6(C 

(i ws i i 3 o o &&tn? ztctoSft? a >»b 
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[0 2 3 4] fc4b\ WS I ttt rwafer-Scale-Inreqrat 
ionj ©C<!:?:fl», iSM<DLS If ^it ¥^f*^ 

scHS&wfcJSc n S £ 1 5C ft 5 „ 
[0 2 3 5] &S0 .8 (Mm) Oj6^a^B*t 
jt^MZ 1 0 0 5 *r,Hffi It, TfeSft • fi-tBSKS 1 3 

0 1 KStftShi. 

CO 2 3 6 ] ^fzjiSSS 1 00 5tt *7 7 ^<1315 

[0 2 3 7] ft=i*2$ 1 3 1 6*L/-fe^W 131 10 
4tc«fitT*C<tlc«fc'), t67t>(^U315 <b7t« 

ffissi 3 1 i3&stt^sn*3we«rs. 

[0 2 3 8] CCT\ ?£gi£SSl 3 1 1«\ 

[0 2 3 9] #i*»K13 1 lZG&TZKZavtm 

1 3 CCjT o r. *S(t • fittSHSS 13 0 1 CC^ES ft 
[0 24 0 ] Sttdfi-B. mm ^>^^^V 3 >10 

os^ir, itstxt - msass 1 3 o 1 icmsti 20 

5. ««-f>*=i**W>1008W, AtiB^t:*> 1 
305. TAB 1 3 0 2, WS I 1 3 0 0^®Oig 

[0 2 4 1 ] It&m - {ftmOES 1 30 lKi:or{4*g 

sas$n/c^a^f^j, ws ishpi 3 ooftas© 

i>E5fel 0 1 5CC«teSftS. 

[0 24 2] Ltcfrr>X. *«B««cJ:titf, »0 
WS 3 0 0(D«tO(I«(C, W5£©JH*»iffi 

p * ^«#*«^-T4 C £#r# £ 
C<Litfr£ B 30 

[ 0 2 4 3 ] H 2 1 tt % #2H0CcjM>>53& 1 1 »fe#JcD 

[0 2 4 4 ] *»1 1 WSWtCfcWS^D-fe^m a 
SCOWS I JR-f 1 3 2 0^£?TUr«J3£ftS. 
[0 24 5 ] WS ISR^l 3 2 0 £J* * ? ^H=£f £ C 

[0 2 4 6 ] SWS 3 2 0#. m4j(EKIWc*j 

VZiray tmn<Dft&9t 1 0 0 9 CCffi^T 5. 40 
[0 24 7 ] »; 3 1/RWS 1*^1 3 2 0 (D^SOfi 

wc«. s 1004 tmEm^m 1010 jwbjs 

[0 2 4 8 ] TtSfSS 1 0 041$. >tc I nPJR 

a x f * * > r JU/SST £ C i fc <£ o r Sf 

[0 2 4 9 ] £6fC. WS 1*^-1 3 2 01$, *H'*> 
7" 1 3 2 1 IC J: 0 . •> y ^ >H<BE1KS4& 1 3 2 2 Ccfg 
«Shri*S. ^y=J>«OBIW«l 3 2 2«ctt, ^ 
JBEfflBJCflDx-T, WS f m+ 1 3 2 QZ ftWT 6tc&> 50 
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[0 2 5 0] iESSffi 1 3 2 2 tt, T A B 1 3 2 3 CC J: 
->T^ig-fe5* ^^ESifil 3 2 4vCjg*££ru SIR 
IS1 3 2 4tt. ftoWS 1^1 3 2 0 <DE«*S 1 
3 2 4. ^ tea, SWBHz? 5 * * XSAS'IR 13 2 6^C 

gi?nri^. 7U-A 1 3 2 5. *jj:c s *+ * 1 
3 2 8ii, ieisstgi 3 2 6 6C»ihaSctirt»S. 

[0 2 5 1 ] t>5£M^ \ 0 0 1 ti*&£.L,tc9U-9 

Pm^a. AtiS^h*>l 3 3 3ZftLXl nP^OOE 

I C 1 3 3 0*6fcS*iM*R3fcttl&Sti*.. 

[0252] OEIC133 0*>6lH*$n^o? 2 

ft#«, ftessssi o o s^fcjsbr, ssows i m 

+ 132 OtCfitlftStiS. 

[o 2 5 3 ] 3feetsi o o 5«, tf^xR* 1- v 7 1 

3 2 8. E»S« 1 3 2 2, ffl&ft<DWS I *^ 1 3 2 

[0254] OE1C133 OCCIS, Wx.KffllBtL'- 
1f*-/*-Ki. *OlBiliiaJS^HI— «E±«CJBjRSti 
T**K J<y*—S?l 3 3 1 y^l 3 2 8fcJ:tl 

«JhSn, ttfc^-f>l 3 3 2«cj:0JftttSti*1IWti 

[0 2 5 5 ] «cte. lc?a v 2tt*HfiloV =i>RWS I 
^+1 3 2 0*sJ:tf^»J=i>lJ(OE««El 3 2 2 £jg 

L~C, 3e*P**«*«**ftl .0 (iim)fiLb«c»: 

[0 2 5 6 ]S$f% «9U >*3**->3>l 0 

0 8 4«4UtWS I 3^1 3 2 0«Cg8&Sft3. 

[0 2 5 7 ] Sa>f>^3*^i/ 3 >1 0 0 8(i, AfcH 
^3tr> 1 3 2 7, BBHStgl 3 2 6, 1 3 2 4, TAB 

1 3 2 3, IHISStg 1 3 2 2, *H^<>^ 1 3 2 1 

[0 2 5 8 ] »t»«#ecai-5i^t:{i*HBBIS tite^n 
ws 1^1320 m<D&m?t 1 o 1 5 

[0 2 5 9] Lfc^ot, *S1 l3B»««cJ:ntf, W 
SI3R^1 3 2 0Wir? ^H^Ote^^ • 
P-fe^-^iC^C^r, BTS©WS 3 2 0©F*i«© 

[0 2 6 0IB22IJ. *fMB«C*»3&iSari 23ISSW<D 

v^ft-^a^a*jafflLte^D^2rtf©«a<o«4 

( 0 2 6 1] WBtJKcfc^t^o* yttWS 1 JRiF 
1 3 4 0 £WLTfit/a£n£. 

[ 0 2 6 2 ] 0 2 2 tfaO-ftttTStr*) ^ «C, WS 1 *^ 
1 3 4 0±(CJKfiS2nte@S8, g»©7>7Dt^«:^ 

y o o 9(ct§^r^. 

[0 2 6 3] S^^a-b^«c*«fl| ■ ffitBiBSIsIK 1 3 
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4 3*3JB«2Sn-Cl.»5. 

{ 0 2 6 4 ] W S I at-^F 13 4 0 ©^StC tt. ^IHIBM 

iii 3 4 i ^jfj.ijjsti, w.<*cz<D±'.cjtmi&mm,m. i 3 

4 2ASJJ5fi£3ft-Cl,>-5. 

(0265] jfc * a 9 >7 (f # 1 3 4 4 \Z. it&iSSSmffi. 
1 3 4 2 tc J; -> Xfri&Sti. jfeSfll • HtfSSSHaK 1 3 

4 3 fCigMPfl-o. 

(0 2 6 6 ] #§ff • (iffitS^lHlSS 1 3 4 3 <D3I®©I2 
SPJ11 3 4 1<D— g»4Ctt. SS?bW&l5c*i-C4cs'5. 
i§?Lfc^©S&£«Ctt3£jg&S8I5£l 1 3 4 2 *^iStlSffic 10 
.ftjfctf. [§|S&CCA#T£<D«CIW< ?<:«>«:. ^PSSi^&i 

(0 2 6 7 ] *«fs-^tt. W#m 1341 K J: ^T^S 

ft • mmmmffi 1343 tcewsstt*. it&m • ma 

SSSIslBSl 3 4 3{C«fcf)(itBIS^cn?ci7a7i'(3^ 
tt. 13319 1 3 4 1 ^Otv ^n-tzA-rtcDie^-Sfcl 0 
15CC#I5ctt£. 

(0268] UfcA^-C. *^ 1 2*JSW«: .fciati. W . 

5 I 1 3 4 0 ©-7 ? D -lz;l,F*3§l»C. Bfr^CC{itl£W 

[0269] ol±. ^mm^mm^mLx^m utc 

ftteL. SmtC «t 5JO» f ft #©tirffit***«l&T* 
C *^K<t>3. &*!©]» ofciffiSiE2H3 

(0270] *»s*»fc-r«w»tt*»636c**isw-e 

[0271] 

[SiOSiSl osmz^s** 9- v 7 1 SSSS 30 
y = >S«©flfe. 7' y > h ss. ^ji Hz =7 s * 

[0272] ^m^#u©Ji<s^i^fi* s mmmm^K: 40 
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&£B$ffl a . jfcSNft*©«: J: 13 SACCM0-C # £ fcsb . 

(0 1 ] *$M8©3B 1 »>effl©Kffi0. 
[02 ] 13 IOA-A' .is©trrS0. 
(H3] *sw*Kao«ji7'n-bxoia. 

(04 ] jfc^£3SSe*I©*ifcS©0. 

[0 5 ] ^Sifi?§E^©^TiK*fc«(BlSl^3a47nT0. 

(0 6 ] 7 ^©IHJCD^JBBKCiWtt 

[0 7] 5 5-*fPS(-rS/c»©* h 'J 7^57 -y-X 

[0 8 ] ftmmsG&kzm^tczu 9 f«^«E©fc» 

[0 9 ] 4E^fl93H2 3RttMO±9ia. 

(0 1 0 ] ^w©JH3Siasw©±ina. 

[011] *»WDJ|l43»fi«Oi'n»^e-^flas«« 
©**J£0. 

[0i2] *«?8<osii5*tt«-c*5*ae#a<o«WE 
0. 

[013] 3WiW<0*ejl|«iffi-C*Sife5W8#S©«WE 
0. 

[014] atE«WOJ|l7 »iS«"CJ55d'a 9 i'ft-^t^ 

mmzmm Ltc^a * ? -y©KffitiJi£0. 
(0 1 5 ] *«9!©ji8«sa«-c**4»a 9 

[0i6] «i9i©ai9gesfi , r*5i'a 9 tm^zmte 

[017] *^0*8JCfM?*S£Slft^€IM! 
T3fc&©_haBfl*i*0. 

[018] *»9nc*»*>s. «cwHE«#a*s%-r«a 
ItsH. 

[019] *ai8«:*»*>*. *<o*aB»*s©ittWia. 

[02 0 ] #|%iiS©j31 O3!*50!-C*>S*a7d7fi-g-tt 
[02 1] $$&f}<Dm 1 1 ttMWXfoZtViV 9{§^& 

[022] ^bj©^ 1 2 mfaWxab zta? fm-^m 
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